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NTOTHnn FOR GENE THERAPY INVOLVING 
qTTPPPF.SSION OF AN IMMUN E RESPONSE 

This application is a continuation-in-part of 
pending U.S. application Serial No. 07/877,368, filed on 
May 4, 1992 by Lang et al., which is a continuation of 
abandoned U.S. application Serial No. 07/707,972, filed 
on May 23, 1991 by Lang et al., which is a continuation 
of abandoned U.S. application Serial No. 07/478,049, 
filed on February 2, 1990 by Lang et al . , which is a 
continuation to abandoned U.S. application Serial No. 
07/071,4621, filed on July 9, 1987 by Lang et al. 



FT ELD OF THE INVENTION 

The present invention relates to a method for 
suppressing the capacity of a mammal to mount an immune 
response caused by the administration of one or more 
15 immunogenic therapeutic material (s) , such as gene vectors 

or their expression proteins used in applications to gene 
therapy . 

BACKGROUND 

Foreign proteins or DNA, such as genetic material or 
vectors for gene therapy, or their derivatives, have 
therapeutic properties and are administered to patients 
suffering from certain diseases. However, as discussed 
later, the immunogenicity of the said foreign proteins, 
nucleotides, DNA or vectors, or of their derivatives, may 
vitiate the treatment and hence this invention provides 
an improved method for the treatment of such diseases. 

Gene therapy is the insertion of a functioning gene 
into the cells of a patient (i) to correct an inborn 
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error of metabolism (i.e., genetic abnormality or birth 
defect resulting in the deficiency of the patient with 
respect to one or more essential proteins such as enzymes 
or hormones) , or (ii) to provide a new function in a cell 
(Kulver, K.W. , "Gene Therapy", 1994, p. xii, Mary Ann 
Liebert, Inc., Publishers, New York, NY). 

When the host is totally deficient of the inserted 
gene from birth, the new protein expressed by this gene 
--when the latter is inserted into the appropriate cell 
of an adult host-- would be expected to induce in the 
host an immune response against itself. Hence, (i) the 
host would produce antibodies or cytotoxic cells to the 
"new" protein, and (ii) this immune response would not 
only combine and neutralize and thus inactivate the 
function of the "new" protein, but may also lead to 
untoward therapeutic complications due to formation of 
immune complexes. It is, therefore, not surprising that 
gene therapy has proven successful in adenosine deaminase 
(ADA) deficiency, i.e., in children deficient of ADA from 
birth, which is manifested by the absence of functional 
T lymphocytes and consequently to the severe combined 
immunodeficiency (SCID) syndrome. The reported success 
of gene therapy in young children deficient of ADA from 
birth is related to the immunodef icient status of the 
child, as no immune response can be generated against the 
foreign therapeutic genetic material. As a corollary, 
gene therapy would be successful if it is instituted from 
birth, when it is relatively easy to induce immunological 
tolerance to a foreign immunogenic material . 

Foreign immunogenic materials, such as biologic 
response modifiers or their derivatives, often have 
therapeutic properties and are, therefore, administered 
to patients suffering from certain diseases. However, as 
a result of the immunogenicity of the foreign materials, 
or of their derivatives, for the reasons stated above the 
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insertion of the appropriate gene may vitiate the desired 
therapeutic effects. This invention provides a method 
for overcoming this inherent complication due to the 
immunogenic capacity of the expressed protein, and is 
5 therefore considered to represent a novel and an 

essential improvement for the treatment of such diseases . 
As background to the present invention: 
Chen, Y., Takata, M. , Maiti, P.K., Mohapatra, S., 
Mohapatra, S.S. and Sehon, A.H., disclose that the 
10 suppressor factor of Ts cells induced by tolerogenic 

conjugates of OVA and mPEG is serologically and 
physicochemically related to the aS heterodimer of the 
TCR . J". Immunol. 152:3-11, 1994. 

Mohapatra, S., Chen, Y . , Takata, M . , Mohapatra, S.S. 
15 and Sehon, A.H . disclose "Analysis of TCR orS chains of 

CD8* suppressor T cells induced by tolerogenic conjugates 
of antigen and monomethoxypolyethylene glycol: 
Involvement of TCR a-CDR3 domain in immuno -suppress ion. " 
J. Immunol. 15^:668-698, 1993. 

Bitoh, S., Takata, M. , Maiti, P.K., Holf ord-Stevens , 
V., Kierek-Jaszczuk, D. and Sehon, A.H., disclose that 
"Antigen-specific suppressor factors of noncytotoxic CD8* 
suppressor T cells downregulate antibody responses also 
to unrelated antigens when the latter are presented as 
25 covalently linked adducts with the specific antigen." 

Cell. Immunol. 150:168-193, 1993. 

Bitoh, S., Lang, G.M., Kierek-Jaszczuk, D., 
Fujimoto, S. and Sehon, A.H., disclose "Specific 
immunosuppression of human anti-murine antibody (HAMA) 
30 responses in hu-PBL-SCID mice . - Hum. Antibod. Hybridomas 

4:144-151, 1993. 

Bitoh, S., Lang, G.M. and Sehon, A.H. , disclose the 
"Suppression of human anti -mouse idiotypic antibody 
responses in hu-PBL-SCID mice." Hum. Antibod. Hybridomas 
35 4:144-151, 1993. 
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Dreborg, S. and Akerblom, E., disclose the safety in 
humans of "Immunotherapy with monomethoxypolyethylene 
glycol modified allergens." In: S.D. Bruck (Ed.), CRC 
Crit. Rev. Ther. Drug Carrier Syst. 6:315-363, (1990) . 
5 Generally the term antigen refers to a substance 

capable of eliciting an immune response and ordinarily 
this is also the substance used for detection of the 
corresponding antibodies by one of the many in vitro and 
in vivo immunological procedures available for the 

10 demonstration of antigen-antibody interactions. 

Similarly, the term allergen is used to denote an 
antigen having the capacity to induce and combine with 
reaginic (i.e., IgE) antibodies which are responsible for 
common allergies; however, this latter definition does 

15 not exclude the possibility that allergens may also 

induce reaginic antibodies, which may include 
immunoglobulins of classes other than IgE. 

As used herein, the term antigenicity is defined as 
the ability of an antigen (immunogenic material) or 

20 allergen to combine in vivo and in vitro with the 

corresponding antibodies; the term allergenicity or skin 
activity is defined as the ability of an allergen to 
combine in vivo with homologous reaginic antibodies 
thereby triggering systemic anaphylaxis or local skin 

25 reactions, the latter reactions being the result of 

direct skin tests or of passive cutaneous anaphylactic 
(PCA) reactions; and the term immunogenicity in a general 
sense is the capacity of an antigen or allergen, or of 
their derivatives produced in vitro or processed in vivo, 

30 to induce the corresponding specific antibody response. 

In relation to this invention, tolerogens are 
defined as immunosuppressive covalent conjugates 
consisting of an antigenic material (immunogenic 
proteins , etc.) and a water-soluble polymer (see e.g. 

35 Sehon, A.H., In "Progress in Allergy" (K. Ishizaka, ed.) 
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Vol. 32 (1982) pp. 161-202, Karger, Basel; and US patent 
specification No. 4261973). 

In the present context and claims the term tolerogen 
thus refers to a conjugate consisting of an immunogenic 
5 material (protein or polynucleotide) and a nonimmunogenic 

conjugate, said tolerogen being immunosuppressive in an 
immunologically specific manner with respect to the 
antigen which is incorporated into the tolerogenic 
conjugate irrespective of the immunoglobulin class which 
10 is downregulated; furthermore, the tolerogen may comprise 

a conjugate of an essentially nonimmunogenic polymer and 
an immunogenic biologically active product or derivative 
of the genetic material used for gene therapy. 

The therapeutic administration of foreign 
15 immunogenic material induces an immune response leading 

to the formation of antibodies of' different 
immunoglobulin classes. Hence, on repeated 

administration, the material may form complexes in vivo 
with such antibodies leading to a poor therapeutic effect 
20 by virtue of its being sequestered and neutralized by the 

antibodies, or to anaphylactic reactions by combination 
with reaginic antibodies, or to other untoward 
conditions, i.e. immune complex diseases due to the 
deposition of antibody-antigen complexes in vital tissues 

25 and organs. 

Wilkinson et al . "Tolerogenic polyethylene glycol 
derivatives of xenogenic monoclonal immunoglobulins", 
in^unology Letters , Vol. 15 (1987) pp. 17-22, discloses 
the criticality of the administration time of a 
30 tolerogenic conjugate to a non-sensitized individual at 

least one day prior to challenge with an antigen. 

The present invention overcomes deficiencies of the 
prior art, providing a means for inducing a priori 
tolerance to a protein or polynucleotide in an individual 
35 deficient of the given protein or polynucleotide, thus 
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making the administration of gene therapy --which 
involves the generation of immunogenic material in a 
patient deficient of the corresponding gene-- possible 
and effective. 

Fig. 3 shows the effect of tolerogenic conjugates on 
the IgG response were the same as those used in Fig. l. 
As illustrated in Fig. 3, administration of 50 /xg of OA- 
mPEG 76 resulted in the maximal suppression, i.e. of the 
order of 98% of the primary anti-OA IgG response, which 
was determined 14 days after the first injection of the 
sensitizing dose of OA by a radio- immunoassay employing 
the paper radio immunosorbent procedure. 

SUMMARY OF THE INVENTION 

Gene therapy procedures as currently practiced 
involve the administration by itself of a foreign genetic 
material, or of its biologically active products-- do 
have certain disadvantages and limitations which are 
primarily due to their potential immunogenicity in the 
host deficient of the corresponding gene. The objectives 
of the present invention aim at overcoming the above 
mentioned complications by suppressing the production of 
antibodies to the foreign therapeutic genetic material 
and of its expression products, and of thus ensuring the 
efficacy of gene therapy by the prior administration of 
immunosuppressive doses of tolerogenic conjugates 
consisting of therapeutically active and potentially 
immunogenic materials coupled to nonimmunogenic polymers, 
thus overcoming or minimizing the risk of inducing 
anaphylactic reactions or immune complex diseases. Thus, 
the main objective of the invention aims at suppressing 
substantially an immune response to the protein resulting 
as a consequence of successful gene therapy, which 
response would undermine the therapeutic efficacy of a 
biologically active genetic material and which may also 
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cause untoward physiological reactions (e.g. anaphylaxis 
and/or immune complex diseases) . 

The invention provides a method for conducting gene 
therapy comprising administration to a mammal of an 
5 immunosuppressing effective amount of a tolerogenic 

conjugate comprising the genetic material and/or its 
expression product (i.e., the protein of which the 
patient is deficient) and monomethoxypolyethylene glycol 
having a molecular weight of about 500-35,000 daltons, 

10 preferably 4,500-10,000 daltons, and more preferably 

3000-6000 daltons, the above administration being at 
prior to administration of the therapeutic genetic 
material for gene therapy, wherein said method results in 
the specific suppression of the immune response and the 

15 active development of specific tolerance to said 

therapeutic genetic material and/or its * expression 
product (s). Preferably the tolerogenic conjugate is 
administered at least one day prior to the therapeutic 
genetic material. 

20 In a preferred embodiment the therapeutic genetic 

material is selected from nucleotides, DNA, RNA, mRNA, 
attached to appropriate vectors for expression of the 
required therapeutic protein. 

In a more preferred embodiment gene therapy vectors 

25 include Moloney murine leukemia virus vectors, adenovirus 

vectors with tissue specific promotors, herpes simplex 
vectors, vaccinia vectors, artificial chromosomes, 
receptor mediated gene delivery vectors, and mixtures of 
the above vectors. 

30 

BRIEF DESCRIPTION OF THE FIGURES 

Figures 1, 2 and 3 show diagrams illustrating the 
efficiency of the invention. The percentages in brackets 
of Figs. 1 and 3 represent the degree of suppression with 
3 5 respect to the minimal immune response in animals 
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receiving phosphate buffered saline (PBS) in lieu of the 
conjugates . 

Figure 1 shows the results of experiments clearly 
demonstrate the stringent dependency of the suppress - 
5 ogenicity of mPEG conjugates on their molecular 

composition. 

Fig. 2 shows treatment with different conjugates at 
doses of 10 /ig and 50 fig per mouse revealed marked 
differences in their suppressogenic capacity. It is also 
10 to be noted that at a dose of 150 fig, all conjugates were 

highly suppressive and at 600 /xg (data note shown) all 
the compounds tested suppressed completely the IgE 
response . 

DESCRIPTION OF THE INVENTION 

The objectives of the present discovery are 
accomplished by a method, wherein an immunosuppressively 
effective amount of a tolerogen incorporating a foreign 
genetic material or its active derivative (s) is 
administered to the mammal prior to the administration of 
the foreign genetic material or its biologically active 
derivative (s) . The tolerogenic conjugate is preferably 
administered to individuals who have not received a prior 
treatment with the foreign genetic material or its 
product, i.e. to unsensitized individuals. 

The invention will provide improved methods for gene 
therapy of different human diseases which can be 
ameliorated or eliminated by the administration of the 
appropriate genetic materials, etc. or their therapeutic 
derivatives, of which the patient is deficient. The 
tolerogenic conjugates may be synthesized by covalent or 
noncovalent attachment of nonimmunogenic polymers to 
natural or synthetic biologically active proteins such as 
for example (i) murine or rat monoclonal antibodies to 
human T-cells which have been used to suppress transplant 
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rejection (Colvin, R.B. et al.; Fed. Proc. 41 (1982) p. 
363, Abstr. 554) or as "miracle bullets" for the 
destruction of tumors (Froese, G. et al . ; Immunology 45 
(1982) p. 303-12, and Immunological Reviews 62 (1982), 
5 Ed. G. Moller, Munksgaard, Copen-hagen) , (ii) enzymes, 

such as superoxide dismutase (Kelly, K. et al . ; Cdn. J. 
of Physiol. Pharmacol., 609 (1982) p. 1374-81) or 
L- asparaginase (Uren, J.r. et al.; Cane. Research 39 
(1979) p. 1927-33), or (iii) natural or synthetic 

10 hormones. 

In the presently best developed and therefore also 
currently best preferred mode of the invention, the 
tolerogen is a covalent conjugate between 
monomethoxypolyethylene glycol (mPEG) with molecular 

15 weight in the range of 2000-10,000 daltons and a foreign 

protein such as ovalbumin (OA) , which served as a model 
protein. According to this modality, tolerogens of 
appropriate composition (i.e. consisting of the genetic 
material or its expression product and an optimal number 

20 of mPEG chains attached to it covalently) substantially 

suppress the formation of antibodies of different classes 
(e.g. IgE and IgG) which are directed specifically 
against the genetic material per se and/or against its 
expression product (s) . The latter case is exemplified by 

25 OA or its covalent derivative with a number of 2,4- 

dinitrophenyl groups (DNP) , i.e. OA-DNP n , where n 
represents the average number of DNP groups coupled per 
one OA molecule. 



Animal model 

3 0 The acceptability of the mouse as an experimental 

model for correlation to human utility in the present 
experiments is evidenced by Dreborg et al . "Immunotherapy 
with Monomethoxypolyethylene Glycol Modified Allergens" . 
page 325, which indicates that similar results were 
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achieved in humans and mice and thus confirms mice are an 
acceptable experimental model for evaluation of mPEG- 
modified allergens. See also Antibodies: A Laboratory 
Manual , Cold Spring Harbor Press, 1988, p. 93, which 
5 indicates that laboratory mice are an acceptable 

experimental animal model for examining the immune 
response, and that mice, in particular, possess 
appropriate characteristics for studies of the genetics 
of the immune response. 



10 The toleroaen employed 

As water-soluble polymers to be used for the 
preparation of a tolerogen, polyethylene glycols, having 
molecular weights in the range of 2,000 to 35,000, have 
proved to be effective. Polyethylene glycols in this 

15 context also include physiologically - acceptable 

derivatives thereof, such as mono-alkyl ethers, 
preferably the monomethyl ether, whereby the remaining 
single terminal hydroxyl groups of the molecules are 
conveniently used for coupling to the protein. 

20 Also other water-soluble polymers (macromolecules) 

may be used, such as polyvinylalcohols , polyvinyl- 
pyrrolidones, polyacrylamides and homo- as well as 
hetero-polymers of amino acids, polysaccharides (e.g. 
pullulan, inulin, dextran and carboxymethyl cellulose) or 

25 physiologically acceptable derivatives of these polymers. 

For the covalent coupling of such polymers to the 
genetic material or its antigenic expression molecules, 
chemical methods normally used for coupling of 
biologically active materials to polymers may be used. 

3 0 Such methods include coupling by means of mixed 

anhydride, cyanuric chloride, isothiocyanate , reaction 
between SH derivatives and CH 2 I derivatives of the 
reacting molecules. However, it is obvious to the 
workers skilled in the art that other appropriate 
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chemical methods may be used to lead to the production of 
conjugates of desired compositions. 

The coupling reaction is made between active groups 
in the antigen molecules and in the polymer molecules. 
5 If necessary such groups may have to be introduced into 

said molecules before the coupling reaction. Such active 
groups are for example -NH 2 , -NCS, -SH, -OH, -CH 2 I and 
COOH and they may be introduced according to well-known 
methods, if not already present in the molecules used for 

10 the production of tolerogenic conjugates. 

In order to minimize the liberation in vivo of the 
immunogenic and/or allergenic constituent (s) of the 
tolerogenic conjugates and to maximize their 
effectiveness at a low dose, it is desirable that the 

15 covalent link between the water-soluble polymer and 

protein or its active derivative (s) should be as stable 
as possible under physiological conditions. 

The coupling of the polymer onto the antigenic or 
genetic material must, as mentioned above, have been 

20 carried out to such an extent that the conjugate is 

rendered tolerogenic, as well as substantially non- 
allergenic and substantially non- immunogenic . In other 
words the tolerogens must retain a certain number of 
epitopes of the unmodified antigen, as long as their 

25 immunogenicity has been decreased to that they do not 

induce the formation of antibodies which may cause 
unacceptable adverse reactions . 

To achieve tolerogenicity , the degree of 
substitution, also referred to as the degree of 

30 conjugation, which is defined as the number of polymer 

molecules coupled per antigen molecule, varies from one 
antigen molecule to another depending on the nature and 
size of the antigen and on the polymer and its molecular 
weight. Therefore, for the synthesis of a tolerogenic 

35 conjugate of a given antigen it is essential to 
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synthesize a series of conjugates with different degrees 
of substitution and then establish the special range 
wherein the above mentioned requirements are fulfilled. 
Too low a degree of substitution may result in conjugates 
5 still endowed with allergenic and immunogenic properties, 

and too high a degree of substitution may result in 
conjugates which are not tolerogenic. One of skill in 
the relevant art will be able to optimize the degree of 
substitution using the disclosure as example. The 

10 optional substitution range is one in which tolerogenic 

city is achieved. One of skill in the art can perform 
the steps outlined in the specification and arrive at the 
appropriate degree of coupling of the nonimmunogenic 
polymer onto the antigenic protein so as to achieve the 

15 claimed properties. In a preferred emobodiment, a ratio 

of 2-12 mPEG per antigenic protein is preferred (see 
Tables 5-7) . 

In view of the finely tuned homeostatic balance of 
the immune response, which may be easily perturbed either 
upwards or downwards by the administration of a given 
antigen depending on its dose, state of aggregation and 
route of administration, as well as the presence or 
absence of adjuvants, it is critical when practicing the 
invention for treatment of appropriate disease 
25 conditions, that the tolerogenic conjugates be 

administered in such a manner as to lead to the down- 
regulation of the immune response with respect to one or 
more classes of immunoglobulins directed against the 
unconjugated biologically active product of the genetic 
0 material. Hence, in practicing this invention for 

treatment of appropriate diseases, the tolerogenic 
conjugates are to be injected in absence of adjuvants 
since the adjuvants may counteract their suppressogenic 
effects. However, the inclusion of adjuvants along with 
5 the unconjugated immunogenic material in the examples 
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given below was justified so as to stimulate in 
experimental animals the enhanced production of 
antibodies in a relatively short time and to thus test 
under more stringent conditions the capacity of the 
5 tolerogenic conjugates to suppress the immune response in 

these animals even under these extreme conditions which 
are particularly favorable for enhancing the immune 
response . 

The foreign genetic ma terial or vehicle 
10 m the claims and in the specifications, proteins 

and polypeptides are used synonymously. In the present 
context and claims the term foreign genetic material 
refers to a nucleotide, DNA, RNA, mRNA, plasmid, which 
are used as carriers of the gene and/or the gene itself 
15 responsible for the expression of the appropriate protein 

or protein derivative (fragments included) , which are 
substantially immunogenic in the animal to be treated. 
The term biologically active antigenic protein as used 
herein includes preproteins, protein fragments, and gene 
20 fragments which express active proteins. 

According to one aspect of the invention the genetic 
material should be therapeutically effective. Many such 
proteins, vectors, DNA are known per se (Culver, K.W., 
"Gene Therapy", 1994, p. xii, Mary Ann Liebert, Inc., 
25 Publishers, New York, NY, incorporated herein by 

reference in its entirety) . For the purposes of example 
only, vectors may be selected from the group consisting 
of Moloney murine leukemia virus vectors, adenovirus 
vectors with tissue specific promotors, herpes simplex 
30 vectors, vaccinia vectors, artificial chromosomes, 

receptor mediated gene delivery, and mixtures of the 
above vectors. Gene therapy vectors are commercially 
available from different laboratories such as Chiron, 
inc., Emeryville, California; Genetic Therapy, Inc., 
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Gaithersburg, Maryland; Genzyme, Cambridge, 
Massachusetts; Somatx, Almeda, California; Targeted 
Genetics, Seattle, Washington; Viagene and Vical, San 
Diego, California. 

The effective doses (amounts) and formulations 
commonly used are also known and may be applied to the 
present invention, although the invention potentially may 
employ reduced or increased doses. In principle, both 
the biologically active foreign genetic material or its 
derivatives, as well as the corresponding tolerogenic 
conjugates, may be administered parenterally in a soluble 
form in isotonic solution and after removal of 
aggregates by centrifugation. Moreover, to destroy 
unwanted cells, such as cancer cells or the host's 
15 cytotoxic cells responsible for auto- immune diseases, one 

may insert genetic material consisting in tandem of the 
DNA specific for the carrier of the bullet (e.g., an 
antibody molecule directed to a cell marker) and the DNA 
representing the bullet (e.g., toxins represented by 
ribosome inactivating proteins) into the patient. 
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Time interval s for the administration 

For the induction of immunological tolerance to a 
given protein the protocol followed according to the 
invention comprises the administration initially of an 

25 immunosuppressively effective dose (amount) of tolerogen, 

which is given prior to the administration of the 
therapeutically active protein or its product. If 
necessary, this dose may be portioned and given on 
repeated occasions. The immunosuppressive dose which is 

30 given may vary from tolerogen to tolerogen, but it has to 

be administered prior to the entry of the protein into 
the host's system. According to the principles outlined 
in the examples, the practitioner skilled in the art can 
determine the variables such as dose of tolerogen and the 
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minimum interval of time between its administration and 
the appearance of the immunogenic protein in the host's 
system. See, for example, references discussed in 
background of the invention. However, it is to be 
5 expected that gene therapy, resulting in the production 

of a "new" protein in the protein-deficient patient, has 
to be preceded by administration of the specific 
tolerogenic conjugate, i.e., the conjugate comprising the 
same protein and capable of suppressing selectively the 
10 immune response of the host with respect to the protein 

in question. 

Generally the tolerogenic conjugate may be 
administered at any time prior to the administration of 
the foreign antigenic protein or genetic material . A tine 

15 period of at least one day prior to the administration of 

the foreign genetic material is preferred. In a more 
preferred embodiment, the tolerogenic conjugate is 
administered at least seven days prior to administration 
of the foreign genetic material. The immunosuppressive 

20 dose refers to the amount of tolerogen required to 

substantially reduce the immune response of the patient 
to the protein or to its derivative (s) which will be 
produced as a result of the gene therapy. According to 
one mode of the invention, further doses of the tolerogen 

25 may be given in conjunction with the protein or its 

derivative (s) , i.e. after the primary administration of 
the tolerogen. This mode may represent one way of 
sustaining the suppression and may offer a more efficient 
therapeutic regimen for the disease condition for which 

30 the treatment has been designed. 

The invention will now be illustrated by some non- 
limiting examples wherein OA and its tolerogenic mPEG 
derivatives have been applied as model substances to 
confirm the usefulness of the proposed immunosuppressive 

35 treatment of a well-established animal model commonly 
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utilized in the field of immunology. The conjugates will 
be designated as OA-(mPEG) n where n represents the 
average degree of conjugation. 

EXAMPLE 1 

5 Preparation of OA-mPEG conjugates having different 

degrees of substitution 

The conjugates used in the experiments given below 
have been prepared by coupling mPEG molecules to OA 
essentially according to the procedure described by 

10 Abuchowski et al . (J. Biol. Chem. 252, 3518, 1977 

utilizing cyanuric chloride as one of the possible 
coupling agents. To begin with, in the experiment 
described the "active intermediate" consisting of an mPEG 
molecule attached to cyanuric chloride was prepared. 

15 It was found that the most important condition of 

this reaction was that all reagents be completely 
anhydrous and that the reaction mixture be protected from 
atmospheric moisture because of its high susceptibility 
to hydrolysis . Among various methods used for the 

20 synthesis of the "active intermediate " , the example given 

below illustrates the general procedure. (See also 
Jackson, C. -J.C., Charlton, J.L., Kuzminski, K., Lang, 
G.M. and Sehon, A.H. "Synthesis, isolation and 
characterization of conjugates of ovalbumin with 

25 monomethoxypolyethylene glycol using cyanuric chloride as 

the coupling agent. Anal. Biochem. 165 : 114, 1987, 
incorporated herein by reference in its entirety.) 

Monomethoxypolyethylene glycol (2.5 g. mol wt 5590, 
Union Carbide) was dissolved with warming in anhydrous 

30 benzene (4 0 ml) and a portion of the benzene (20 ml) was 

removed by distillation to azeotrope off any water in the 
polymer. Cyanuric chloride [(CNC1) 3 , 0.83 g, Aldrich, 
recrystallized from benzene] was added under nitrogen 
followed by potassium carbonate (0.5 g. anhydrous 
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powdered) and the mixture stirred at room temperature for 

15 hours. The mixture was then filtered under dry 

nitrogen and the filtrate mixed with anhydrous petroleum 

ether (ca 50 ml, b.pt. 30-60°C) in order to precipitate 

5 the polymer. The polymer was separated by filtration 

under nitrogen, dissolved in benzene (20 ml) and 

reprecipitated with petroleum ether. This process was 

repeated seven times to insure that the polymer was free 

of any residual cyanuric chloride. The active 

10 intermediate was finally dissolved in benzene, the 

solution frozen and the benzene sublimed away under high 

vacuum to leave a fine white powder. 

Elemental analysis of the intermediate confirmed 

that it contained 2 chlorine atoms. The intermediate, 

15 corresponding to C 2S6 . 3 H 307 , 7 O 127 . 2 N 3 Cl 2 with an average 

♦ 

molecular weight of 5,738 daltons would have a 
theoretical composition in percentages of C, 53.65; H, 
8.92; N, 0.73; Cl , 1.24; which agrees with its determined 
composition of C, 53.51; H, 8.89; N, 0.77; Cl, 1.08. 

20 The chloride content of the intermediate was also 

determined by hydrolysis and titration of the chloride 
released with silver nitrate. Thus, the activated 
intermediate (12 0 mg) was dissolved in water (10 ml) and 
the pH adjusted to 10 with dilute sodium hydroxide. 

25 After heating at 90 °C for two hours, the solution was 

cooled and the chloride titrated with silver nitrate 
(0.001N), using a chloride ion selective electrode to 
indicate the endpoint . The chloride content of the 
activated intermediate was found to be 2.1, consistent 

30 with the structure shown above. 

The OA [4 0 mg, purified by chromatography on 
Ultrogel® AcA-54 (LKB, Bromma, Sweden)] was dissolved in 
sodium tetraborate buffer (4 ml, 0.1 M, pH 9.2) and the 
activated rnPEG added to the solution at 4°C. The amount 

35 of activated mPEG was varied to prepare conjugates of 
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differing degrees of polymer substitution. Mole ratios 
(mPEG/OA) used to prepare specific conjugates are given 
in Table 1. The polymer-protein mixture was stirred for 
one half hour at 4°C and then one half hour at room 
5 temperature. The reaction mixture was desalted by either 

dialyzing for four days against running distilled water 
or by passing through a column of Sephadex® G-25 
(Pharmacia Fine Chemicals AB, Uppsala, Sweden) . 

A DEAE-cellulose or DEAE-Sephacryl® (Pharmacia Fine 

10 Chemicals AB, Uppsala, Sweden) column (5 cm by 30 cm) was 

equilibrated with phosphate buffer (0.008 M, pH 7.7). 
The salt free OA conjugates were applied in water and the 
free (unbound) mPEG washed through the column with the pH 
7.7 buffer. Free mPEG was detected on thin layer 

15 chromatography [Camag (Kieselgel DSF-5 , Terochem Lab Ltd, 

Alberta) eluant 3:1 chlorof orm/methanol] using iodine 
vapor for development. After removal of the free mPEG 
from the ion-exchange column, sodium acetate buffer (0.05 
M, pH 4.0) was used to elute the conjugate. The 

20 conjugate fractions were dialyzed and lyophilized to give 

the dry conjugates. 

Table 1 



Preparation of OA-mPEG n Conjugates 

25 

Conjugates 3 Preparation ratio b % mPEG c,e %OA d ' e 



OA-mPEG 32 10:1 26 70 

OA-mPEG 66 25:1 36 47 

30 OA-mPEG 7 . 6 25:1 42 47 

OA-mPEG 10>6 50:1 51 41 

OA-mPEG^g 50:1 52.4 38 
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a The degree of substitution, n, is calculated by the 
formula 

% mPEG mol wt OA 

5 % OA X mol wt mPEG 

b Mole ratio mPEG : OA based on a molecular weight of 

5.74 0 for mPEG-dichlorocyanurate and 44.4 60 daltons 

for OA. 

c The percentages of mPEG by weight were determined 
10 by nuclear magnetic resonance (NMR) . 

d The percentages of protein by weight were 
determined by the biuret method. 

e The total compositions of the conjugates, as 
calculated form the NMR and biuret analysis, are 
15 only of the order of 90% of the samples by weight; 

the difference of the order of 10% is attributed to 
moisture absorbed by the conjugates and/or to small 
amounts of DEAE-cellulose leaching from the column. 

EXAMPLE 2 

20 Determina tion of the immunosuppressive effect on the IgE 

response of different OA-mPEG n conjugates 

The results of experiments illustrated in Fig. 1 
clearly demonstrate the stringent dependency of the 
suppressogenicity of mPEG conjugates on their molecular 

25 composition. Thus, whereas treatment of groups of four 

<B6D2)F1 mice each with 50 /zg of OA-mPEG 3 . 2 , or OA-mPEG 66 , 
or OA-mPEG 7 . 6 one day prior to intraperitoneal 
immunization with the sensitizing dose, consisting of 1/xg 
of OA and 1 mg Al(OH) 3 , led to essentially complete (99- 

30 100%) abrogation of the primary anti-OA IgE response, as 

measured --on day 14 after immunization-- by PCA in 
hooded rats, the more substituted conjugates, i.e. OA- 
mPEG 10>6 and OA-mPEG 119 , inhibited the anti-OA IgE 
response, respectively, only to the extent of 94% and 
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50%. In this and the following examples, the weights of 
the conjugates given correspond to their protein content. 

EXAMPLE 3 

Long lasting suppression of the IaE response bv protein- 
5 mPEG conjugates in contrast to a transient suppressive 

effect of unconjugated protein 

It is to be noted that even unmodified OA was 
capable of downregulating the primary IgE response in 
relation to the response of control mice which had 

10 received PBS instead of OA or conjugates. In this 

experiment three groups of four (B6D2)F1 mice each 
received phosphate buffered saline, or 50 /xg of OA-mPEG< 5 
or 50 /xg of OA. All animals were bled on day 10, 14, 21, 
27, 35, 42 and 4 9 and their IgE titers were determined by 

15 PCA in hooded rats. As illustrated in Table 2, it is 

important to point out that whereas the suppressogenic 
effect of OA-mPEG conjugates was long-lasting, the down- 
regulating effect of free OA was of short duration and, 
in actual fact, its administration predisposed the 

20 animals to an anamnestic response which reached, after 

booster immunization (administered on day 28) , IgE 
antibody levels equivalent to those of control animals 
which had received PBS and the two sensitizing doses of 
one antigen. The results given in Table 2 clearly 

25 demonstrate that a tolerogenic conjugate injected prior 

to repeated administration of the corresponding free 
protein essentially abrogated the immune response. 
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Table 2 



10 



Effect of 


administering 50 


Hg of 


OA-mPEG 4 . 5 


or of free OA 


one day prior 


to immunization 






Day of bleeding after 


PCA titers for 


groups of 


nrimarv immunization 


mice 1 


-reated with 








PBS 


QA 


OA-mPEG, c 


10 






5, 120 


40 


< 4 


14 






1, 940 


40 


< 4 


21 






1,280 


40 


< 4 


27 






640 


40 


< 4 


35 






1, 920 


1, 920 


160 


42 






2, 560 


1, 280 


160 


49 






5, 120 


N.D.* 


160 


On day 28 


all 


three groups 


received a booster dose of the 



15 

sensitizing OA preparation. 
* N.D. = not determined 
EXAMPLE 4 

The effect of different dnses of t he tolemaen on the IqE 

20 response 

Each OA-mPEG conjugate was injected into groups of 
4 mice each at the four doses of 10 ng, 50 pg, 150 \ig and 
60 0 \ig. The control group of mice received PBS as 
placebo. 

25 As is evident from Fig. 2, treatment with different 

conjugates at doses of 10 jig and 50 fxg per mouse revealed 
marked differences in their suppressogenic capacity. It 
is also to be noted that at a dose of 150 \ig, all 
conjugates were highly suppressive and at 600 M g (data 

30 note shown) all the compounds tested suppressed 

completely the IgE response. 
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EXAMPLE 5 

The effect of different doses of the toleroaen on the IaE 
response 

The sera used in Fig. 3 to illustrate the effect of 
5 tolerogenic conjugates on the IgG response were the same 

as those used in Fig. 1. As illustrated in Fig. 3, 
administration of 50 /xg of OA-mPEG 7>6 resulted in the 
maximal suppression, i.e. of the order of 98% of the 
primary ant i -OA IgG response, which was determined 14 

10 days after the first injection of the sensitizing dose of 

OA by a radio- immunoassay employing the paper radio 
immunosorbent procedure (Kelly, K.A. et al.; J. Immunol. 
Meth. 39 (1980) p. 317-33) utilizing OA bound to the 
paper and with 125 I- labelled affinity purified sheep 

15 antiserum to mouse IgG. 



EXAMPLE 6 

The suppressive effect of OA-mPEG 10 on IgM, IgG, and IgE 
plaque forming cells (PFC) in spleen and lymph nodes. 

One mg of OA-mPEG 10 (containing 10 mPEG groups with 

20 an average mol wt of 10 , 000 daltons, which were coupled 

per OA molecule by the succinic anhydride method (Wie, 
S.I. et al., Int. Archs . Allergy appl . Immun. 64, 84 
(1981) ) or PBS was administered intraperitoneally to each 
group of four (B6D2)F1 mice each one day prior to 

25 immunization with 1 fig of DNP 3 -OA in 1 mg Al(OH) 3 . 

On several days thereafter the spleen, as well as 
the mesenteric, parathymic and inguinal lymph nodes were 
removed and assayed for IgM, IgG, and IgE anti-DNP PFC 
(Rector, E.S. et al . , Eur. J. Immunol. 10, p. 944-49 

30 (1980) . In Table 3 are given the numbers of PFC in the 

above tissues 10 days after immunization; from these data 
it is evident that treatment with this tolerogen markedly 
reduced the number of IgM, IgE, and IgG PFC in all 
tissues examined. Therefore, these results support the 
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claim that the tolerogens shut off the immune response 
rather than neutralize the circulating antibodies. 

Table 3 

The effect of OA-mPEG 10 on the suppression of IgM, IgG, and IgE 

5 plaque forming cells (PFC) in spleen and lvmph nodes 

Anti-DNP PFC per 10 8 cells from different tissues* 
Antibody Parathymic Mesenteric Inguinal 

Class Treatment Spleen Nodes Nodes Nodes 



10 


IgM 


PBS 


2,150 


2, 950 


Nd 


Nd 






OA-mPEG 


900 


200 


Nd 


Nd 




IgG 


PBS 


15,350 


78,550 


5,000 


Nd 






OA-mPEG 


Nd 


1,300 


Nd 


Nd 




IgE 


PBS 


10,410 


16, 530 


11, 140 


300 


15 




OA-mPEG 


500 


950 


400 


Nd 



* Each tissue sampling represents a pool from 4 mice 
** Nd = undetected 

The above experiments establish the immuno- 
20 suppressive effects discussed above and the effects at 

the various dosages. 

EXAMPLE 7 

In addition, utilizing the hu-PBL-SCID mice, it was 
demonstrated that in accordance with the phenomenon of 

25 "linked immunological suppression", cross-specific 

suppression of the human antibody response could be 
induced to murine mAbs which differ in their antigen 
binding specificities from those of the murine mAbs which 
had been incorporated into the tolerogenic conjugates, on 

30 condition that both mAbs shared the same heavy and light 

chains. Thus, that pan-specific suppression of the 
"human" antibody responses against murine monoclonal 
antibodies (i.e., HAMA responses) of the IgG class could 
be achieved with 8 tolerogenic mPEG preparations, each 

3 5 consisting of one of the 4 gamma chains and of one of the 
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two types of light chains of murine IgG (Bitoh, S., Lang, 
G.M., Kierek-Jaszczuk, D., Fujimoto, S. and Sehon, A.H. 
Specific immunosuppression of human anti-murine antibody 
(HAMA) responses in hu-PBL-SCID mice. Hum. Antibod. 
5 Hybridomas 4:144-151, 1993). 

The utility of this technology for therapeutic 
strategies in man, which necessitate the administration 
of immunogenic Biological Response Modifiers (BRMs) , is 
apparent . 

10 The safety of administration of mPEG conjugates of 

different allergenic proteins has been established in 
clinical trials in a number of countries in close to 3 00 
patients afflicted by a variety of allergies medicated by 
IgE antibodies (Dreborg, S. and Akerblom, E. Immuno- 

15 therapy with monomethoxypolyethylene glycol modified 

allergens. In: S.D. Bruck (Ed.), CRC Crit . Rev. Ther. 
Drug Carrier Syst . 6:315-363, (1990)). 

It is to be emphasized that the function of the 
mPEGylated protein in the present strategy is to induce 

20 Suppressor T (Ts) cells which recognize the epitopes 

shared by both the unmodified and the mPEGylated BRM. In 
other words, this technology leads to conversion of 
antigens not only to nonimmunogenic , but most importantly 
to actively immunosuppressive molecules, which induce 

25 immunologic tolerance with respect to the original 

unmodified protein antigen. By contrast, the purpose of 
some other workers and companies utilizing mPEG 
conjugates of BRMs is to only reduce their immunogenicity 
i.e., without converting them to acti ve tolerogens, and 

30 to thus only increase their half-life in circulation. 

The discovery that pretreatment of a host with 
tolerogenic mPEG conjugates of a given protein Ag, 
followed by administration of the unmodified Ag, results 
in abrogation of the host's capacity to mount an antibody 

35 response to the Ag in question has a direct utility in 
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some forms of "gene therapy" which would result in the 
production of the protein corresponding to the gene in 
question, on condition that the host would have been 
deficient of the gene responsible for the expression of 
the particular protein from birth (see, Sehon, A.H. 
Suppression of antibody responses by chemically modified 
antigens, Carl Prausnitz Memorial Lecture, XVIII 
Symposium Collegium Internationale Allergologicum, Int. 
Arch. Allergy appl. Immunol. 2±:ll-20, 1991; Takata, M. , 
Maiti, P.K., Kubo, R.T., Chen, Y-H. Hoi ford- Stevens , V., 
Rector, E.S. and Sehon, A.H. Cloned suppressor T cells 
derived from mice tolerized with conjugates of antigen 
and monomethoxypolyethylene glycol. J. Immunol. 145:2846- 
2853, 1990; and Takata, M. , Maiti, P.K., Bitoh, S., 
Holford-Stevens, V., Kierek- Jaszczuk, D. , Chen, Y., Lang, 
G.M. and Sehon, A.H. Downregulation of helper T cells by 
an antigen- specific monoclonal Ts factor. Cell. Immunol. 

137 : 139-149 , 1991) . 

On the basis of well known immunological principles, 
it would be obvious that in conditions when the host is 
totally deficient, from birth, of the gene which has to 
be inserted after the maturation of the immune system, 
the protein expressed by the gene in question induces in 
the host an immune response against itself, (since the 
host with a normal immune system would not have been 
rendered from birth tolerant to the protein in question) . 
Thus, (i) the immune response of the host to this protein 
would be manifested in the production of antibodies or 
cytotoxic cells by the host to the "new" protein, and 
(ii) this immune response would not only neutralize the 
••new" protein, but may also lead to diverse therapeutic 
complications due to formation of "immune complexes" 
consisting of the resulting antibody-antigen aggregates. 

Clearly, the one condition for which gene therapy 
has proven to be an effective therapeutic modality is 
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adenosine deaminase (ADA) deficiency, which results in 
the impairment of T lymphocytes and hence in the severe 
combined immunodeficiency disorder (SCID) in children 
deficient of ADA from birth. Therefore, it is not 
5 surprising that Dr. Culver was successful in developing 

a curative gene therapy for this condition by treating 
the SCID kids by infusion of their own "ADA gene- 
corrected cells". 

However, unless gene therapy is instituted from 

10 birth, when it is relatively easier to induce 

immunological tolerance to a foreign genetic material or 
its expressed products, than in adulthood after 
maturation of the immune system, the success of gene 
therapy in hosts with a well formed immune system would 

15 be undermined by the above-mentioned complications. 

Hence, to avoid these complications, the induction of 
immunological tolerance to a well-defined protein Ag, by 
pretreatment of the host with tolerogenic mPEG conjugates 
of the corresponding Ag, i.e., Ag(mPEG) n , is indispen- 

20 sable for the success of gene therapy in disease 

conditions, when the same protein is expressed by the 
inserted gene, since this protein would induce 
deleterious immune response against itself in the host. 
The present invention is the confirmation and 

25 extension of the earlier discovery of induction of 

immunological tolerance by immunosuppressive Ag(mPEG) n 
conjugates to therapies involving the insertion of new 
genes into the host with an intact immune system. 

EXAMPLE 8 

30 Thus, in accordance with the present invention, prior 

to beginning of gene therapy, i.e. , prior to insertion of 
a new gene into a host which is required for expression 
of a protein beneficial to the host, e.g., one of the 
deficient clotting factors or enzymes, it is essential to 
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render the host tolerant to the protein in question by 
the use of the invention described. 

EXAMPLE 9 

The expressed protein material of the cystic 
5 fibrosis transmembrane conductance regulatory gene (CFTR) 

(Genzyme, Cambridge, Massachusetts) for the treatment of 
cystic fibrosis is dissolved in sodium tetraborate buffer 
(4 ml, 0.1 M, pH 9.2) and the activated mPEG added to the 
solution at 4°C. The amount of activated mPEG is varied 

10 to prepare conjugates of differing degrees of polymer 

substitution. Different mole ratios (mPEG/gene product) 
are used to prepare specific tolerogenic conjugates as 
described earlier. The polymer-gene product mixture is 
stirred for one half hour at 4°C and then one half hour 

15 at room temperature. The reaction mixture is desalted by 

either dialyzing for four days against running distilled 
water or by passing through a column of Sephadex® G-25 
(Pharmacia Fine Chemicals AB, Uppsala, Sweden) . 

A DEAE-cellulose or DEAE-Sephacryl® (Pharmacia Fine 

20 Chemicals AB, Uppsala, Sweden) column (5 cm by 30 cm) is 

equilibrated with phosphate buffer (0.008 M, pH 7.7). 
The salt free mPEG conjugates of the cystic fibrosis gene 
product are applied in water and the free (unbound) mPEG 
washed through the column with the pH 7.7 buffer. Free 

25 mPEG is detected on thin layer chromatography [Camag 

(Kieselgel DSF-5, Terochem Lab Ltd, Alberta) eluant 3:1 
chloroform/methanol] using iodine vapor for development. 
After removal of the free mPEG from the ion-exchange 
column, sodium acetate buffer (0.05 M, pH 4.0) is used to 

30 elute the conjugate. The conjugate fractions are 

dialyzed and lyophilized to give the dry conjugates. 

Conjugates of the CFTR gene are administered to a 
patient at least one day prior to transfer of the cystic 
fibrosis transmembrane conductance regulator gene to lung 
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tissue using recombinant adenoviral vectors or liposomes. 
EXAMPLE 10 

The expressed protein material of the low density 
lipoprotein receptor (LDLr) gene used in the treatment of 
5 familial hypercholesterolemia is dissolved in sodium 

tetraborate buffer (4 ml, 0.1 M, pH 9.2) and the 
activated mPEG added to the solution at 4°C. The amount 
of activated mPEG is varied to prepare conjugates of 
differing degrees of polymer substitution. Different 

10 mole ratios (mPEG/gene product) is used to prepare 

specific tolerogenic conjugates as described earlier. 
The polymer-gene product mixture is stirred for one half 
hour at 4°C and then one half hour at room temperature. 
The reaction mixture is desalted by either dialyzing ' f or 

15 four days against running distilled water or by passing 

through a column of Sephadex® G-25 (Pharmacia Fine 
Chemicals AB, Uppsala, Sweden) . 

A DEAE-cellulose or DEAE-Sephacryl® (Pharmacia Fine 
Chemicals AB, Uppsala, Sweden) column (5 cm by 30 cm) is 

20 equilibrated with phosphate buffer (0.008 M, pH 7.7). 

The salt free mPEG conjugates of the LDLr-gene products 
are applied in water and the free (unbound) mPEG washed 
through the column with the pH 7 . 7 buffer. Free mPEG is 
detected on thin layer chromatography [Camag (Kieselgel 

25 DSF-5, Terochem Lab Ltd, Alberta) eluant 3:1 

chlorof orm/methanol] using iodine vapor for development. 
After removal of the free mPEG from the ion-exchange 
column, sodium acetate buffer (0.05 M, pH 4.0) is used to 
elute the conjugate. The conjugate fractions are 

30 dialyzed and lyophilized to give the dry conjugates. 

Conjugates of the LDLr gene product are administered 
to a patient. Hepatocytes are grown in the laboratory 
and genetically altered with a murine retroviral vector 
containing LDLr gene. The cells are reinfused through 
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the hepatic artery to the liver of the patient at least 
one day after administration of the conjugate. 

TABLE 4 

DEPENDENCE OF IMMUNOSUPPRESSIVE EFFECTIVENESS OF PROTEIN 
(mPEG) n CONJUGATES ON THE AVERAGE DEGREE OF CONJUGATION 
(n)* 



TABLE 4 : SUPPRESSION OF ANTIBODIES TO OVALBUMIN (OVA) 



Conjugate 



Degrees of Suppression of the Ant i -OVA Antibody 
Responses Compared to Responses in Control Mice Which 
Had Received Saline in lieu of the Conjugate*** 



IgE antibody 



IgGl antibody 



OVA (mPEG) 



99% 



86% 



OVA ( mPEG ) { 



100% 



91% 



OVA (mPEG) v6 



100% 



98% 



OVA (mPEG) 



94% 



90% 



OVA (mPEG) n .9 



50% 



86% 



The value of n for each conjugate was calculated by dividing the micromoles 
of mPEG (determined by NMR) by the micromoles of protein (determined by the 
Biuret assay) . 

A single dose of 50 (with respect to protein content of each conjugate) 
was administered into mice seven days prior to immunization with OVA. 
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The degrees of suppression for IgE and IgG antibodies were calculated, 
respectively, by the formulae: 



j _ mean of PCA titers of test group 1 ^ xoq% 
mean of PCA titers of control group] 



1 mean of ELISA titers of test group 
mean of ELISA titers of control group 



X 100% 



***+ The molecular weight of the mPEG used for this conjugation was 6200 daltons, 



*****From Table 4 it can be seen that ratios of mPEG of 3.2, 6.6, 7.6, 10.6 and 
11,9 to one antigenic protein, for example OVA, are preferred. 



TABLE 5 



TABLE 5: SUPPRESSION ANTIBODIES TO SAPORIN (SAP) 



Conjugate' 


Degrees of Suppression of the Anti- 
SAP Antibody Responses** 


IgE antibody 


IgGl antibody 


SAP (mPEG) fi 


100% 


94% 


SAP <mPEG) 7 


100% 


96% 


SAP <mPEG) n 


100% 


99% 



A single dose of 100 /xg (with respect to protein content of each conjugate) 
was administered into mice seven days prior to immunization with SAP. 



Please see explanatory notes in footnote "***» to Table 4, 



*** The molecular weight of the mPEG used for this conjugation was 3000 daltons. 
From Table 5 it can be seen that ratios of mPEG of 6, 7 and 11 to one antigenic 
protein, for example SAP, are preferred. 
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TABLE 6 

TABLE 6 : SUPPRESSION OF ANTIBODIES TO HUMANIZED MURINE IgG (H^IgG) 



Conjugate' 


Percent Suppression of the IgGl 
Anti-H^gG antibody responses** 


HmlgG (mPEG) 32 


91% 


HmlgG (mPEG) 36 


94% 


HmlgG (mPEG) 39 


98% 


HmlgG (mPEG) 40 


98% 


HmlgG (mPEG) 41 


97% 



* A single dose of 200 jxg (with respect to protein content of each conjugate) 
was administered into rats seven days prior to immunization with ^IgG. 

** Please see explanatory notes in footnote «***»■ to Table 5. 

*** The molecular weight of the mPEG used for this conjugation was 3000 daltons . 



♦♦★♦From Table 6 it can be seen that ratios of mPEG of 32, 36, 39, 40, and 41 to 
one antigenic protein, for example IgG, are preferred. 

Table 7 shows a list of gene therapy systems which 

have been approved by the Recombinant DNA Activities 

Committee of the National Institutes of Health. However, 

no consideration appears to have been given to overcoming 

5 the potential complications due to the host mounting an 

immune response against the respective gene products. 

Clearly, if the patient had been producing from birth 

these proteins, he/she would be tolerant to them, i.e., 

and gene therapy would not necessitate the strategy of 

10 the described invention if the patient has retained 

his/her tolerance between the shutting off of his/her own 
genes producing the desired protein and the time of 
initiation of gene therapy by transfer of the gene in 
association with an appropriate "vehicle" for the renewed 

is production of the protein. The table also shows a list 

of health disorders for which chromosomal locations are 
known which are considered treatable by gene therapy. 
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Disorder (gene used) 

Adenosine deaminase 

deficiency* (ADA) 
Brain tumors 

(MOR-1) 
Brain tumors (primary and 

metastatic) (HS-tk) 
Brain tumors (primary)' 

(HS-tt) 
Brain tumors (primary and 

metastatic) (HS-tk) 
Brain tumors (primary and 

metastatic) (HS-dt) 
Brain tumors (primary) 

(anti-sense IGF-1) 
Brain tumors (primary)* 

(HS-t*) 
Brain tumors (primary and 

metastatic) (HS-tk) . 
Breast cancer 

(IU4) 
Breast cancer 

(MDR-1) 
Breast cancer 

(MDR-1) 
Colorectal cancer 

(IL-4) 
Colorectal cancer 

(IL-2 or TNF-a gene) 

Colorectal cancer 

(HLA-B7 and 

^-microglobulin) 
Colorectal cancer 

(IL-2) 
Cystic fibrosis* 

(CFTR) 
Cystic fibrosis* 

(CFTR) 
Cystic fibrosis 

(CFTR) 



Cells altered (vector) 

T-cells and stem cells 

(retroviral) 
Stem cells (retroviral) 

Tumor cells (retroviral) 

Tumor cells (retroviral) 

Tumor cells (retroviral) 

Tumor cells (retroviral) 

Tumor cells 

(DNA transfection) 
Tumor cells (retroviral) 

Tumor cells (retroviral) 

Fibroblasts (retroviral) 

Stem cells (retroviral) 

Stem cells (retroviral) 

Fibroblasts (retroviral) 

Tumor cells (retroviral) 



Tumors cells (liposomes) 



Fibroblasts (retroviral) 

Respiratory epithelium 

(adenoviral) 
Respiratory epithelium 

(adenoviral) 
Respiratory epithelium 

(liposomes) 



Disorder (gene used) 

Cystic fibrosis* 

(CFTR) 
Cystic fibrosis* 

(CFTR) 
Cystic fibrosis* 

(CFTR) 

Familial 
hypercholesterolemia* 

(LDLr) 
Gaucher disease* 
(glucocerebrosidase) 

Gaucher disease* 
(glucocerebrosidase) 

Gaucher disease* 

(glucocerebrosidase) 
Gaucher disease 

(glucocerebrosidase) 
HIV infection 

(Mutant Rev) 
HIV infection 

(HIV-1 III env) 
HIV infection 

(HIV-1 IIIB Env and Rev) 
HIV infection 

(HIV-1 ribozyme) 
Leptomeningeal 

carcinomatosis 

(HS-tk) 
Malignant melanoma 

(IL4) 

Malignant melanoma 
(IL-2) 

Malignant melanoma 
(IL-2) 

Malignant melanoma 
(IL-2) 

Malignant melanoma 
(IL-4) 

Malignant melanoma 
(HLA-B7) 



Ceils altered (vector) 

Respiratory epithelium 

(adenoviral) 
Respirator/ epithelium 

(adenoviral) 
Respiratory epithelium 

(adenoviral) 

Liver cells (retroviral) 

Stem cells (retroviral) 

Stem cells (retroviral) 

Stem cells (retroviral) 
Stem cells (retroviral) 
T cells (retroviral) 
Musde (retroviral) 
Muscle (retroviral) 
T cells (retroviral) 
Tumor cells (retroviral) 

Tumor cells (retroviral) 
Tumor cells (retroviral) 

Tumor cells (retroviral) 

Tumor cells (retroviral) 
Fibroblasts (retroviral) 
Tumor cells (liposomes) 
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Disorder (gene used) Cells altered (vector) 



Malignant melanoma 
(HIA-B7 and 
(^-microglobulin) 

Malignant melanoma 
fTNF-o or IL-2) 

Malignant melanoma 

(interteron-7) 
Malignant melanoma 

<B7) 

Neuroblastoma* 
(IL-2) 

Non-small cell lung 
cancer 

(pS3 or antisense K-ras) 
Ovarian cancer 

(HS-tk) 
Ovarian cancer (MDR-1) 

Ovarian cancer (MDR-1) 

Renal cell carcinoma 
(IL-2) 

Renal cell carcinoma 
(It4) 

Renal cell carcinoma 
(TNF-a or IL-2) 

Renal cell carcinoma 

(GM-CSF) 
Small cell lung cancer 

(IL-2) 
Solid tumors 

(HLA-B7 and 

32-microglobulin) 



Tumor cells (liposomes) 

T cells or tumor cells 
(retroviral) 

Tumor cells (retroviral) 

Tumor cells (retroviral) 

Tumor cells (retroviral) 

Tumor cells (retroviral) 

Tumor cells (retroviral) 
Stem cells (retroviral) 
Stem cells (retroviral) 
Tumor cells (retroviral) 
fibroblasts (retroviral) 
fibroblasts (retroviral) 

Tumor cells (retroviral) 

Tumor cells 

(DNA transfection) 
Tumor cells (liposomes) 
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Disorder Location Disorder Location 



A D-BeU-hrdroxyturoid dehydroecnaM 




|AMF deaminase deHcitncy. trnhrocyte) (1) 


1P21-P13 


Z\ dencttncy(I) 


Chr.l 


Amyloid neuropathy, familial, several allelic types { 1 ) 


!8ql 1-2-012.1 






Amyloidosis, cerebroarterial. Dutch type CD 


21qiil.3-q22.0S 


t7p.a<Wfiearecy(8) 


lpill 


Amyloidosis. Finnish Qrpe. 105120(1) 


9q34 


3 HrdWicyi-CoA dehydrogenase deficiency ( I ) 


CrV.1 


AmyleaeMsv hendhair nasi 106200 (1) 


♦#28 


iKMtUtlM itflmsmQ (1) 


lletTHSLl 


Amyloidosis, Iowa type. 107680.0010 ( 1 ) 


liq23 


AorsAoosScou syndrome 


XpllJl 


j 'Amyloidosis, secondary, susceptibility to) ( 1 ) 


)q21-g23 


?AbeUhpeproteiftfmii (1) 


Zp2i 


Amyloidosis, senile systemic ( ) ) 


)8qlJ.2-ql2.l 


lAeanUiocytosi* oneforml (1) 


17q2Uq22 


Avye4rea>kkuttereJKSen^)ineAik(2) 


AcataJa*emla(l) 


llp)3 


Amytrophii. latercl setmns, orujorm. 1 WOO (3) 




Acetyl-CoA carboxylase deficiency ( 1 ) 


I7q2l 


?Anal canaj carcinoma (2) 


llq22-otcr 


Acid-maltase deficiency, adult ( 1 ) 


I7q23 


AnaJbuminemia(l) 


4qll^l3 






.'Anemia. megaloblastic, due to DHFR deficiency ( 1 ) 


5q 11. 2*13.2 


lAmwHlwel lyinwii it) 


ItplU^lLi 

2p26 


Anemia, pernicious, congenital, due to deficiency of 




ACTH deficiency (1) 


intrinsic factor (1) 


Chr.ll 


AcyWCoA dehydrogenase, long ehain, deficiency of ( 1 ) 


2034HS5 


? Anemia. aMeroMaerte, with a^owtoilU/ eaaxU (2) 




Acyl-CoA dehydrog enes* . mtdium chain, dtficieney e?(t) 


lp31 


Anemia. aiderobUstic/hypochromic (3) 


Xpll.2l 


Acyl-CoA dehydrogenase, short chain, deficiency el ( 1 ) 


12q22^Ur 


Aneurysm, familial. 100070 ( ) ) 


2q31 


Adenylosuccinate deficiency ( 1 ) 


22913.1 


Angelman lyndfome (2) 


ISqll-ql3 


Adrenal hyperplasia, congenital, dut to 1 I -b«u- hydroxylase 




Angiocdema hereditary ( 1 ) 


lJqll-qJ3.1 


deficiency (!) 


8q21 


Anhirtrolie ectodermal dysplasia (2) 


Xqll3-13.l 


Adrenal hyperplasia, congenital, due to 21-hydroeytase 




Aniridia of WAG R syndrome (2) 


llplS 


riKicttncy (3) 


6p2U 


Aniridia-2(3) 


Upl3 


Adrenal ftyprrplooa V(l) 


/OofeJ 


AftayMu ep»*e>ticia (2) 


IpliJ 


xarml k/pfbd* trtama/y (t) 


X*21-**tU 


"r.Ancphihaimco-l (2) 


Xq27-q25 


Adrenocortical carcinoma (2) 


llpliS 


Anterior segment mesenchymal dysgenesis (2) 


4q2B-q31 


A4f«se«Di4ceJ eau^emeaa, beremui* (2) 


UplU 


Anu thrombin III deficiency (3) 


Iq23-q25 


Adrenoteukodystrophy (2) 


Xq2& 


ApoA-l and apeCMII deficiency, combined ( I J 


1JQ23 


Adrenornreloneuropathy f2) 


Xq2g 


Apolipoprosein B- 100. defect** ( | ) 


2P24 


| AFP drfinenry. congenital | ( 1 ) 


4qIl-qJ3 


/ApoHpoproHin H dtficwmcyf (J) 




Agammaglobulinemia, type 1. X-linked (3) 


Xq2l.3Hs22 


Argininemia(l) 


6q23 


AgsjnmafJobulinemu, type 2. X-llnked (2) 


Xp22 


Argmineeuccinicaciduria ( 1 ) 


Tccnqll.2 


.Ajcard) syndrome (2) 


Xp22 


Aipartyiglucoeaminurta (3) 


4q23-q27 


Aiaplte syndrome (2) 


20pU.2 


Auaia-teiangieetasie (2) 


li a 22*q23 


Albinism (3) 


110.14*2) 


{Atnerosekrosn. susceptibility to) (2) 


1&PI3.3-P13.2 


AJbUUam. brwene, 2032M (1) 


H» 


VAUerxMClmuu. nurrpfiOi/t/.v toJ (3) 




Albinism, oculocutaneous, type 1! (3) 


i5qlJXql2 


Atony (2) 


JIqU-013 


Albintsm*deeiness syndrome (2) 


Xq26\3*27.l 


Atraiufcmncmis(l) 


3q2l 




l&q 11*13 


Atria) seput defect, secundum type (2) 


6p2l.3 


Alcohol intolerance, acute ( ] ) 


12024.2 


Autonomic failure 0u« to DBH deficiency (I) 


WA 


?Aldo4ase A deficiency ( J ) 


I6q2K-q24 


¥ ^ Basal cell nevus syndrome (2) 


9q31 




Soil 


1-^ Batten disease (2) 


I6pl2 


Allan-tit moon syndrome (2) 


Xq2) 


?BatUfi diaeait. one form. 204200 ( 1 ) 


ISq24-q25 


AJpha-l-anuclrymoliypsln deficiency ( 1 ) 


Mq&I 


Becker muacuiar dyurophy ( 3 ) 


Xp21.2 


AlohaNAGA deficiency (1) 


22qll 


Reekwith-Witdenunn syndrom* (2) 


ilpterplM 






Her nerd -Sou tier syndrome ( 1 ) 


17pter.pl2 


ejrpel(l) 


litter* 1SJ 


Birpharophimosu. *pva>iUux mvtrsus ana ptosis 




AJphairalauemia/mtntal reurdauon syndrome, typt 2 C2) Xq12-o21-31 


Bloom eyodreeae (2) 


ISqtt.I 


Alport eyndrome. 30)050 (3) 


Xq22 


Borieson-Forssmsn lf hmanh jrndrome (2) 


Xq2CHj27 




Ckxl 


Rornhol(neycdiseasi(2) 




AWwmer diMue. APH related (3) 


2 Iq2 1.3*022.05 


Branch loottc syndromt (2) 


8ql3.3 


?AJih«Tnerdiwase»l (2) 


2lq 


"Brc»« cancer ( 1 ) 


17pl3.3 


Afcs«u»cr<D«e*e>3(2) 


144*24.3 


Breast raneer(l) 


6q2«-q27 


Alzheimer diseased late onset (2) 


]*een*13.2 


brtau cancer, ductal (2) 


lp36 


Amaloeencsis imperfecta ( 1 ) 


Xp22.3p22 1 


Brtut cancrr. ductal (2) 


Chr. 13 


TAawfefeseme topwf-rtaJ, «ypoplae4e type (2) 




Bremat caaeeM. eariy oaeet (2) 


I7q2l 
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Disorder 



Location 



Disorder 



Location 



ChtU 

IP36J+34J 

12pl3 

ftpllJ 

4q25 

6p2U 

•9M.I 

Jp!3 

6pl* 

IpK 
5ol3 
IX 
2P 
8q22 
QUI 
2q3* 
Xp21.2 
L«el2 
»9» 
1*2 

2241) 



6>oo> myopathy (I ) 
BurlUt lympooaa (3) 

C'Cld deficiency (1) 
Clr/Cli deOcie ncy. combined ( I ) 
C2 deficiency (3) 
C3 deficiency ( I ) 
C3b macuvator deficiency ( J) 
C4driiaenqr(3) 
CadefoaeneyO) 
C6denot«ey(n 

c? deficiency (i) 

C8 deficiency, type I (2) 
ft deficiency, type ll (2) 
CTdriKieneyO) 
finiBiUe tfyec4aela»l (2) 
CtrfetJTMyipftosphau synthetase I deficiency { 1 ) 
ICi/oonic anhydrese I deficiency | (I ) 
Ui enju p r idaoi Bde fluency (1) 
!C*r d»myowtJry ( J ) 
Card»«yopein*. dilated. Xlinked ( 1 1 
Ctf*W«*Ji faaailleJ tomiiUc 1. 102000 (3) 
Ciffto u ' iMOy . foai iliel hyiOTMk, 2 (2) 
Cardiomyopathy. tamUtal r^pertrephic, 3(2) 
Canlias>bair upoploelo (2) 
Cu-tre syndrome (2) 
TCUifsck anterior antac I (2) 
"Cmnn ccnreruui total ( 2) Xp 
Cuamx. — — wufc aajeawpa»nolatjo {*> lOniU 
&uewt.Coppoee-Uke(3) 2q33-e35 
Cataract Mereer type (2) 16q2t! 
Ciurect tonu)»f eurverurenM (2) JqZ 

Ontmin»Y4mwefmutci*(t) I9q1S I 

Crntnnrtir lymphoma 1 2) U|I3 
Crrvbrml aerrkxd infjopmlhy ( 1 J f0»ll 

r rttfc wfcftol ta/»mn end 
r(2) 10*12 

Ufrtrote ndinoya Jtanibomttons ( 2 ) aqloqaef 

Um4 lipofuscinosis, neuronal*!, infantile (2) ]p32 

tm-iraJ carcinoma U) HqI-I 

ICtTP deficiency! I li JGtfi 
Cfurroi Mar w Tooth neuropathy, slnr mnre conduction 

rypela<2) !7plU 
Cnarcot-Marie-Tooiri neuropathy. *m» nerve conduction 

type lb (2) lq2ll-o23 
Charcot-Marie*Tooth neuropathy. X-iinktd-1. dominant f 2) Xql3 
CharcaWem-Twxn neuropathy. X-tinkud i, recessive (I) 

Choicstervi ester t urur oteease ( 1 ) JOoi-s-oZS 

?CkMdK>^iiu piMuu. rtoMMtte (2) 4pl*fl« 

CnofidrertysDiaiis punctata. Xlinked dominant ( 2 1 1*28 

Cftondrodvspiaaia punctata. X-hnkcd recessrvf (2 ) Xp2Z3 

Cftorwdmnue (2) Xq21.2 
Chronic panuiometous dueese. autosome L due to 

deficiency of CTBA (2) 16q34 
Chronic irsnutomatous aisease due u> dcfiewocy of 

NCM(l) TqU.23 
Chronic ir&nutomaxoua eteeas* cue to deficiency of 

NCr-2U) lQ» 

Chronic rytnuiomaieus disease. X*hnked (3) Xpll.l 

I Chronic inlecuona. due 10 upaomn defect I (1] 10q !Uq2l 

CiiraUintmia ( 1 ) WM 

QtflpAkw.XUnkrtM) XqJX&UI 

:0**m*l*ltwU**<l) *qtt 

CMO II deficiency <l) be2l 

Cocenyoe irMna^a. Um ooacL Jl J0410 (2) tOqll 

CofTin»U"rry svnerome (2 ) \o2&2p22 I 

Coion — ear. toaUUL n— »»cy pon »j type I (2) 2*10*15 

Colorbtinohet*. blue monochromatic ( J I Xq> 

folor bMnoncik ocutaa n • Xq> 

Colo/ htinonm. proun t -i i Xq2> 



Colorblindness* thai (2) 
Colorectal adenoma (!) 
Colorectal cnaeet ( I) 
Colorectal cancer (1 ) 
Colorectal cancer (1) 
Colorectal cancer, 1 14500 (3) 

Combtnod C67C7 defiaeney ( I) 
?CombiRH variable nypounvmae>oOu 1 i nemu ( 1 ) 
io/«aodcfoMa(l) 
eatofl) 

Conueeiufal ara^nodaeeyiy, cottienital (3) 

CopfOpOfOlTfTtl ( ] ) 

TComelia de LaAft rrndrome (2) 

( Coronary artefy diaeaae. waeepubili<y to} ( 1 ) 

Corirto* fesmanca ( ) ) 

CR! deiioency(l) 



Ceaadai 



anal ajailMii (2) 

iD(2) 



Oanioeinaoetoais, typo | (2) 
I Creatine ainaae. brain vp«- ectooic oaprtaaioa oft (2) 
CreimfeidvJakob diMue. 123400 (3j 
Cnei*fV^por tyndraw, type t. tiSSOD (I) 
?CfyptofchjdisBi (2) 
TCyti* laxa. raarfanoid neonatal type (J) 
ICynatruentanrial (I) 

id) 

.220100 (1) 

Dbearneat, conduct] vt witn aupei fuaum ( 2 ) 
Dteftm*. km tom (2) 
fleonaocaime tnsmml y (\) 
Dentmn>enena oaoef4ecU»l (2) 
DenevOraih eyr ' dmm e (1) 
Oiabeus lumdut. nrpnrofenic (2) 
Lhotma tnsrjnaui. nnmypopKyuoL 123700(1 ) 
TDiabeiea meiUtua. inauUn-dependenM (2) 
Innnnet waaaoina mrnm-nnuant. wun dasianm 

■ay wc e n nY/J 
Uiabetea meUiius. rar* form ( 1 ) 
Uiaatmphtc dytplaaia (2) 
DiOeoree ivndronM ( 2 ) 
DipntnyJhydanteto toxicity ( ) ) 
I Diphihena. euaceoobtlicy to M I ) 
WU Ugantld«Aeicncy(n 
l>ubin-Juhriton lynornme (2) 
Uvrn»nr<* muacuur o>.iirophy (3) 
I Uv&iinuminemur hvp^rinvroaintinia 1(1) 
I IniuioumiAf mtr nyr*mnecmia | ( I > 
(maauaaaua, faaaiiini (2 ) 
UvafiPfinepmmia. alpha types ( J J 
iKifiar.rioewirmia. ^ria tvpes f 1 J 
Dyifi6rinof#n*mu. |amma types ( I ) 
Uyakeratosia congenita (2) 
•Utiter»|.|{2j 

rnspiauninoffrncmtr tnmmoopnilia ( I ) 

Dysprm hrometnf^iia ( I j 

I LnTtranwftvminemic hvprrinvroxwemiel ( 1 ) 

E?CtC ayrttfofiw U) 
LnlervUanlos $>ndrome, trpc IV. 130060 (3 
Ehipri baniossynaromc. utm- VI. 222400 ( ; 
thltrs*l>anlosf\naminf . cvrr V1IAI. 130060 (3) 
EHlen Ln*ua rvwnrrrmc. typt 17/.-L?. IXXHOfS) 
y £htm-i)a*tQt n/natvnu. type X (J) 
I Clllptootoats, Malas-anr-ai^ianesian tyvi\ ( ] ) 
tliiptorvuftit-l (.1) 
Elliptonioiis-l U) 
tHiouicvtosa'2 (2) 

tmare-Oreiiuss muscuux dystrophy ( 2 ) 
tmpnysema ( J > 

Empnyaema due to alpha- x-macroe lob aim deficiency ( I \ 



7q22^ler 

12012.1 

12012.1 

180233 

&q2l 

1T0I3.1 

&PI3 
H02L33 

20.U 

Chr.5 
Chri 
3o2AJ 

6027 
&031 
1«32 

XauretU 



7p21J-p21.2 

14d« 

2uptcrol2 

CkrJ 

Xp21 

7«3|.143tJ 
Chi.16 
?9StJ 
14022 



Xol3^2Ll 
Sq3J«o33 

mm 

4013^21 
ilpl3 

XW 
SOpIS 

WI.3 

11013.6 

^1*034 

22oll 

ipn-our 

3023 

IBQlllqUJ 

13e>4 
XolU 
4qll-ol3 

4QIN13 

»eJl<tJ» 

4d22 
4q28 

Xq23 

ISqll 

6q24.Q2T 

llpll-013 

itoll.2-al2 1 

7ql 1.2^213 

2q31 

1036.3^36.2 
17q2lJU22.0S 
IqB.l 
to-H 

I7q21<q22 
)03&2-p^ 

]Q21 

14^22-023.2 
Xq2» 
14o3i: 
I20UJ-DI23 
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Disorder 



Location 



Disorder 



Location 



£npfcmo*~arTfcttu (1) 
tndoeardUi flhwttoflBi 1(2) 

?Eos»opflilic myetopreiiftrun* disorder (2) 



BeOijPtf #aMgM 



EpMemeJyeia batten* dynrephjcx mmre. 221600 (3) 
Ep d emocy eU bwitaee, Q«na type (3) 
J^eefmoryw bultaee amplcx. 131900 (2) 

ofr* eorihceo maintax ttrtWIn Ope, 

ltimci) 

Ep rttr mdyw bulk** ample*, fovii&f 'Mean rype, 
13170(9) 

Uptons** fWMwyiMd «/» r/; 

? E aid em oly » a bulloea u&pkx located. 13 1800 ( 1 ) 
?£pie*nnotyiu bultoaa, Weoer CocaayM ejrpe. 131100 (2) 



P*«a*tai 



t*pe 



O) 

w 

(2) 



ma) 



tottepiy. jmremit nmjdonlc (2) 
EpUcpsy. profrwwn myoclonic (2) 
EpttheUom*. Mi^bcaiinj. eottcaweo u I, 

Fofusoft-SmttA typt (2) 
?tryuiftmt»(l) 
Erythremia*, alpha- (J) 
EVJ«iuu > bw-(l) 
CiyUirctiajtealslcUUtU) 
|e>yiijar*ieii famllUll, 133109 (!) 
CttUuotoretoJenese Tcriibilii (2) 



IBnikfrvUol hyp** and Ayooiftyn 
EvmgcareoevafS) 

txvtionjt myoflotemtfudut io defieieney of LDH-A (1) 
****** ****** X4fcnkc4 (1) 

FPabrydoeaeeO) 
factor H < 
Factor V deficiency (1) 
Fietwviideftottieyd) 
Factor X deficiency (I) 
Factor XI deficiency ( 1 ) 
Factor XII fl*fic*rncy (I ) 
Factor XlllA deficiency (3) 
Fictor XI11B deficiency ()] 
Famitiai M*durrrn**an /ever (J J 

famcom ammo-/ ft) 

FttemO) 

(?Fttalii»boiiyT*rom*Kl) 
'Fetal bydantom rmdroma ( 1 } 
'Aceodpfploiu antfctnt pmpmmm (!) 
i(3) 

Id) 

r letcher factor deficiency ( 1 ) 
Focal dermal hypootana (2) 
Friedreich euxia( 2) 
Froctoee intoteranee (1) 
fucocidaflid) 
f uoufitt deficiency ( 1 ) 

GGfiM) deficiency < 3) 
TGalac toauuse deheteney ( k ) 
Galaciott eptmeroe deficiency ( 1 ) 
ttaiactoaamiad) 
CalKUniaiiOoab(l) 

Gaucher otacaeeOJ 

Lvmantlorm(l) 
K!) 

Geirunanrv^vauitief oweajt. 137440 (3) 
>Q**mty*<mm« 1 0500(1} 
Glaramann tAromOaautem a, typo A (1 ) 
Glaramann thrombastnerna, type 8 ( 1 ) 



14022.1 
**» 

lpter-pa.13 

!2pU 

SptU 

3olU 

•W 

17ql*«21 

17ql2*2l 

12Q1H13 
12qll-ql3 
lTeJkpjtt 

17qlt<e» 
26qlL*Vql*\3 

60213 
2Jo22J 



9*31 
7*21 



p!3L3 



1*36,3+34 

lfpits+iu 

Ip3l2<p34 
Xaff 
22ql2 
UplS.4 

xoui 

lq33 

lq23 

19094 

1*54 

4035 

SCj33-OUT 

tpl6.p24 
Io31-o32.l 
JHJS 
/•«f 

Xo2B 

1*034.2 

iPll-our 

iOplT 

)6o22.1 

lq 

40» 

XpflJI 

0ql*o2U 

6022 

1034 

1042.1 

Xo28 

!Tq21-022 
lp36+3i 
6pl3 
20ql3.l 

1021 

10021-O22 
llpll 

20pter-pl2 
Cat* 
17021.32 
17o2U2 



lOqtt 
Car.9 



Glaucoma. coajroiteJ (2) Chill 

Gtiotdaitoma multiforme ( 2) I0pll^23 2 

Glocoao^ialactoaeoialaosorpoanr)) 22qllO-our 

(Ant rim ra tem i e type- flC(6) Jeilcear 

GluUncaciduna. typ« 11A(J) lSq26*q2a 

nrota rt coddwi a, orpo QB (3) Coclt 

OtuttUuonumria ( 1 ) 22^11.1-^11.2 

G»yetrol kuust deftciancy (2) Xp2l>p2l.2 

CbvpoojnutoyiOII) Ip2l 

0h«W0ttofi|idiiaa»Vll(l) letfr«32 

Qlyeofen atoraat diatasc. X iinktad hepatic (2) Xp212-p22 J 

IGlyottlaMlldefieiancyMO ippU 

GMl-iamtoatdoaU(l) 3p2lpU.2 

OM^gaivlioaioosU.A0vanaiit(l) Chi.5 

OM2-|aAfUoaiootu.juveajla, adult (I) !So23>o24 

Ooemmnc TXCR lynoroiM (Z) Xq2S 

Geitat. adotaaccnt. muJunodiiar C 1 ) 6o2U<q24J 

•^#*a(l) 6q24J^UJ 

»(2) 7p 

0ooao^«if<ot«ii.XYtamaJ«typa(2) Xp22-p2l 

O ooa d a t gi m li nojpo(l) YpllJ 

Goa a400 t0fP 3 Pa (2) np)3 

?0oitoo>otroptAdalkiffttcy(2) Xo21 

Orvts eraiuopohrfmoactyfy fynoronn (3) 7pl3 
•Oypooaouatia, hmiUai. duo to tncmed 

arooaataoiaetMcy(l) ~ IMU 
Gyrau atrepfty of choroid tno rttiaa with omithinoAia. 
86 maoptm or nnmpentm ( 1 ) 

HHaw am p or pnyr u ttata ( 1 ) 
T11affmp«oaooa,2M6O0(l) 

Ht inz body aocmiai, alpoa- ( 1 ) 16plerpl3.3 

Heua body aaaouaa. b«U- ( J ) n P U 5 

KaoMchrotnaioiis(2) 6p2U 

HimodiaiyMa-ralaud amyloiooab ( 1 ) I&o21-o22 

Hcmoiyuc aarmia d«« w AIM oicaa ( 1 ) 20«]LU 

Htreolyuc anemia due to adtoytaxa atnasa deOcicncy ( I ) 9o34.1 
Hemotyuc utcmia due to OttptwipoogiyccraK muuu 

drftettfleyU) 7q3l«o34 

Hemoivix antmn due u> C6P0 dft/ieiencjr ( ) ) Xo2S 
hrmoiync nrnia Our to qt\uaMp*otpJ%ai* umirur 

Hemolyue wimn due to | liiuutiof* oerozjoaM 

dcfiacficyd) 3qll^l2 
liemotvuc ajieffiu eot to nhiutiuof>« rtductaxt 

deficiency (0 
n eo w c y ae no a oala *~ U oeao+Aa— o«ftd«ocy(l) 
Hemoryitc anemia due to PCX da 0cm ncy ( I ) 
Hemotyuc anemn due to pnoipnofmctoiiftaae deficiency ( 1 ) 
Hemotyuc anemia due to tnosepnoaohate laomcrase 

deficiency C 1 ) 
Hemophilia A (3) 
Hemophilia) (3) 

Hemormaaic diathetu due u> 'enutiirombin' Pituourih ( 1 ) 
Hemorrmi k diatoaais due to PAI 1 deficiency ( i ) 
?Hepanc iipaMdeficieiicyd) 
7Hepatc€arctnooia()) 
Hepaioeallular carcinoma (3) 
IHeradiurypvauienceotaipha-teiooroicinl (3) 
?Hereoitaiy penuttance of fetal nemof lobln (3) 
?Hcraduuy penuunce of fatal hemofiobifi. 

haterocellutar. Indian type (2) 
THenadtury penmence of fetal nemoaiobin. Svias type (2 ) 
TBomoaaaaj re ill a lyojpoon. 203600 (1) 
Men dtaaaae. or iwjwn uore|e diMaae VI ( 1 ) 
HeurectttvUr neitditary peraunanca of letal nernotiobtn (2) 
IHctApeeododefiaencyl (1) 
rHHHiyncroiiit(2) 



(1) 



7 Boob 



«3(2) 
W (X) 



BP21.1 
10^62 

Xql3 
21022.3 

12pl3 
Xq26 

XQ2M-Q2T.2 
14Q32.I 
7q2l4^22 
licll-023 
2dl4-q2l 
4932.1 
4qlH13 
Ilpl55 

7q36 
Xpll.23 
16*16 

Chf.14 
Hois 

I3Q34 
12o22*23 
7q36 

1600M11 
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Disorder Location 



?HoioprattMt»!ufr4 (2) 




2*21 






loqlU^U 


?HoJM»ta omm (2) 




1402HS4.2 






»pl3 


HoAoeyitiftune. B6»rapontnre tnd ponmpoftsn* 


TO! (1) 21Q213 


MfrH. deteuonrype(l) 




iipiii 


HrTH. ooftdefetion rype A (1 ) 






H*Fh\ condeietiofl lypeOO) 






HFfcTreiaud fout(l) 




V*9*_m97 9 
A^fCHj*/.* 


•H amoral hypofcaJeetwa of maiiptaftey ( 1 ) 






Huntington disease (2) 




4 pi 13 


Hurler syndroms (0 




Jttift 1 


Hurtef-Seneie fyndromo ( 1 ) 




fPJO-J 


My*— pfcalw in n Hioodm if TTjIilia ttffll 






rtyttvpsfttaiu, cm* form (i) 












H ypof tie tiJipoproT/iirto foil ()) 




2&24 








umm» hotogtateic mis familial ft) 




10*13 %m 13 i 


TMwttwIwnMtui iaollled BOflktlnUC. IVBt 1 (2) 




9n22 

***** 


?Hypena*u noftobgUn 0 1 prodrome (2) 






hypcfk atonic penodie ponlyits (3) 




17*31 1_m9* 1 






upwn|li 


Hyper upoorotetMmia 1(1) 




■pa* 












fpqiy ? 


|MjfpttphtayltiMtiMSut,niU| (3) 






[THyperpfofJttUfMMiRial (1) 




iQ** 9 77 


HimnutttthaiMi (amikaJ (!) 




lipiOUd 






1 '04*4*3 








ttypeftnfhrccrtdcmta. one form (1) 




1I0*J 


TRypervilmemia or hyperteuane-bomuciiiemje ( 1 ) 


Cnf.JP 


Hype^onal wroteinemie ( I ) 




IlO/fcl 


HypooetoJipopcotetaemla ( 1 ) 




2p24 


topmxkiark ********** W P it) 




IffpXIJ 


| Hytoceruiepteamineraia. nemdrtary I (!) 




3q2)<i}24 


HypoAbnnoftncmu. gamma types ( 1 ) 






TfUUlU ■■Hi » FCII oefloeoey O) 




9iWIS 91 


ttypetonadiam. hypergonadotropic 0) 






'Hypofonediim, nypogooedotropic due lo ON Wi 






dcleacncy. 227200(1) 




Bp2l>pH-2 


Hypomagnesemia. X- anted pnmary (2) 




ir.fi 
AP24 


'HytMwtatwtu ofltotfj 






?HypeatMAQSiselito(2) 




til i fl Mil 


MypooviihyroidUm. familial ( I » 






MypownUtvroidnm. X- linked (2) 






?Hypopfto*pftau*ia, adult 1*000 ( 1 ) 




Ip36.l«p34 


Hypophespnatatie. mf*nUl«, 241500 (3) 




Ip36.l*p34 


Hypophosphatemia, ntrvdiunr (2) 






♦Hjfpco&eephaurwe wuh o**irw» (2) 




Xfi-22 


Hypeceotnremoinomia ( 1 ) 




1 »PII*01 * 


'MypawiMhM-iJTWujtt nmorema (2) 




5ollDl2 








Hypomyroidttm. nongourous (J) 




tpl3 


Hlpotfiyrotom. nongourous. out to T9H mw» 


ict (1) 


Mo31 


▼7lcMmro« vulgaris* 146700(1) 




U2I 


1 leMnyom. X-iinked (3) 




Xp22J2 






•> 


ImmoMtftftotno. X-Un*ed mm hrpeHgtf (3) 




Xo24^n 


InoMiMAiia ptgmenu. ftmilitJ (2) 




Xq27^29 


locaitttftooiu purmcmu sporadic type (2) 




XplU) 


Infertile mat* syiidrome ( 1 ) 




Xcoe-0v22 


jinosint inphoaonattee deficiency! (1) 




20p 


lamnwie^aui familial (3) 




<Dpt«f.p)2 






*»■ 


Interferon, alpha. der*aeoey ( 1 ) 




9p2l 


Inurferon. tmmuru. deficiency ( 1 ) 




12o24.1 


?l touted rrftwih notmont dcf* tmcv our to defect m 




GHRT(I) 







ivmen ptmtft nor mono ddmrnry. Utt| i>pr miir. 



Disorder Location 



Aboont CH utd luwiii typ« with twotrucuv* OH (3) 17422-4)24 

IsoYBitrwaeidealsU) !5ql4^ql& 

J?Jae«ooonfymtt«(2) Uq 

KIUllm4Aniynfl7omo(2) Xp22 3 

( Ikippa U|M Chun deOctfwy] (J) 2p]2 

Kinwii feUicuUns tptnulost docaJnm (2) Xp22.l>p2l.2 

( Xi mn«|t a deficiency | ( 1 ) 3q2A-qtcr 

rib w ^f t 4j 49 t4fo«M(2) 6«1U 

Knieno>iptpjio(l) J2dllll-qll2 

TKoUMJia iSiinuMcytMii ( Z ) 6p2 J * 

Xmbt*dumM(i) t4^tlX9S. / 

L?Ucum defrcttncy. adult 223)00 ( 1 ) 0*2 

?Ucum dofieiency, canfeniUl ( ) ) Chr.2 

?Udofernn-d«neient ntuirophtls, 24&430 ( 1 ) 3q2U23 

Uniw-Grtdion jynor«ow (J) 3^24.Jl-o24.[3 
L»n|cf*S»ldino achcnOTtjftftcsii-hypochondnjjrtMiij (1) 12a!3.ll*al3.2 

Ufo* dwirfto ( I ) Spl3-pl2 

?Urynfeil idduetor ptrtlyili (2) 6p2l>p21.2 

{ leod pononinjL suKCpcibilicy to} (I) 9q&4 

?UM9oaMU, awluo4» hef«diuryeuuhoous(2) JftpU.32 

UiomyooituHivnepnropaLbjp tyneromt. 30S940 ( 1 ) Xo22 

UKMiyfttJi fyi*o*e (3) Xa2l>a27i 

?Uuoftr-Aiwo0nooio(2) I3ql4<0^> 

ItMOOML am* tymp*t*kutic (!) 19plSJ 

Umoenio. ocuu tympnoWutk (2) " 9p22>p2l 
?Uofc*iu4. acuu ly«ipnecn)c. wiU V\ I 

ixwtioesuoji (3) " 4|21 

Uuk*mMLacuHm*to*(3) :/§OJ 

Lmiomua ocwwoipetel HZtypt(l) XpBJt 

UvMraia. acuto pf*-S-ceU (2) )q23 

leukemia, acute promyikscyik ( I ) l7o2l.l 

Uwaemta. acute preinyt Jseyiic (2 1 15o22 

Uukcmia. acute. T<ell (2) llp!3 

Uuaenufc. chronic MkM (3) '12*1 1. 21 

Leo kern t a. chronic myeloid (3 ) 9o34. 1 

Leemoalav aralOiiMOfi (t) Cfcr.4 

LeuPemia. nytloioV)ymphoi4 or mnedltnta|e (2) Uo23 

Leuktsiia. T-ctU acuie lympnoblastie (2) llplS 

LeoatAia. T<eliacuu tywphoWttuc VI) M4J 

tewoeoua. JcrU amir tymwouaoid (2) t9pJ3J pl3 1 

Uueemia. T«celi acute lymphocytic ( 2 ) I0q24 

♦Ue*ema.trana»ew(2) 2UU.2 

Lftofcemu- 1. T-cetl acvtc lymohooiasiic (3) lo32 

Leukomia-2. T-ccli acuta tymohoetuuc ( 3 ) 5o3 1 

Uuaefniay lymphoma, frccll. I (2) Ugl3 3 

LeoacsuVrymphoma. B<ill. 2 (2) ISo2I 3 

UoaamiaAymohoma. B-ceU.2(2) ltdl3 

Lroktmia/)ympiMme. T-cell (2) l4o.Ul 

Leu koniaAympftona. T-eeil ( 2 ) 2o34 

LcuaemioAymphorna. T<cU (3) 14qll.2 

Uuaeryu adbeuon deficiency ( 1 ) 21q2I3 

U*r'raumehi cynareiM (I ] 17pl3.1 

Upoanide da hydroeeaaao deficiency ( 1 ) Tq31 -o3 2 

Usoma(2) liolHM 

Uver cell carcinoma (I) 1 Ipl4-pl3 

Loni QT frnorome (2) UplS S 

Lowe irnoromo (3) Xo26 I 
Upua eryihemaioaui. lya^mic. 152700 ( 1 ) 1«23 
Ltmphoprotiferative xvndronu:. X-iioaed (2) Xq2S 
'Lrncacanrrr family irnorome II (21 1MI1-QU 
'Uioaomal acid phosottauu deficrency ( I ) Upl2-pll 

M Macrocytic aneoua ol 0Q>synnromc. n^irerton I i) 12-93^ 
MKncrot aamt r*tr%o»ry. *t n a , 
IMMOfS) MM 
H^mUrO jPUu p hi (I) 6p2l.l« 
M»cvur o>nropny. aivincal vittiliform (2) *0* 4 
MM«ii/ef«n^r. Honk tvoiia* type (2) MM II. 2 

Macmiareywophy. vtUlUJoem rjrpo (2) tlq!3 
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Disorder 



TMtle initniiUjr due to eeroun dt bciency ( 2 ) 
TMiit mfenili*. familial (!) 

pmdotitnBtorauttn dot 10 defcctm m ( I ) 

MeiifMm Hmrthewut AwcvptJoility- J . J 45400 (3) 
Ma ttpa iat oyaeetaemia —pdfc l ttp * jU4*(Z) 



Location 



Disorder 



MiiifiaM melanoma, cuunnos ( 2) 

lUfttn. X-linM C2J 

Map* syrup unae dtaease. type I (3) 

Map* ayrap wnm ducate. tm 2 (U) 

Mapla lynp uhm docue. typt 3 ( 1 ) 

Marten syndrome. 154700(9) 

M fttouim.umy syndrom, several forms ( I ) 

Mtnia-a«Usyndfecnef2) 

MASA syndrom* (3) 

MeArdko*ea*e(l) 

McOtftt-Alfcnghi polyostotic fibrous dyipiaaa, 174100 ( I 

fMeUoot<wMiyp«|(2) 

MtrfatUory i ^wwhwh (jj 

Hqmtm (I) 

Uvpkeomtm. X-Hnked (2) 

■about (*) 



M2) 
1(3) 

fctttlM tftW-t (2) 
MmUl reufdauon of UACI ( 2) 
aatioeU 




Mental wirdwjon. X-Unke* syndrom*!, vfui 

dntooic MvtMui aiaiu. too seizures (2) 
Mental reurd*uon. X-lmkecj, *yt*nmk-l with 

d>seaorphis» eftd ccrrbrsl iiropby (2) 
Mental numuwri, X-linkra. syndmK-X »Hh 

mttiedi»to|n(2) 
Mental wimiuoA. X.liak.d. tvtMuomte^. vnh 

«**if*nitai mcTKivm and low fiafrrup ueho* ( 2 ) 
"taut fturtfauofl, UiftU*. tnutromx*. vtl> 

Dt*ey Walker melJormauon. bass) taaiiti wm tut 

andiet»m(2) 
***** Mate*. mtore«Nt4 with 

n*»efwn*aua tad onesuy ( 2 ) 
Mental rmrtAUOA. X-Uafted* I. rtonHmnwrpiue ( 2 > 
'Mental ratardauon. Make**, fw-dyvrwpn* < ^ 
Meant rrisjdauon. VUnked-3(2) 
Menial rcurasi»ft-iacleui dysplasia (2; 
Meeecnnmuiir k ukotfmrophy ( | ) 
Mr tarnromatic lr ukoitvnropfty out to df fioraey of 

SAM (I) 

Mfinemoeiootfirmu do* u> rvtornromt ho d*f Kwaey f j ) 
MctnemosJobinrmu. cnrrraopeiftic ( J ) 
M«tn»me»iottin#fnua. it*** ( j ) 
Metaemof todtaamiu. o#u* ( I ) 

M r-a frti i * ctoaaU "* muUle drf,m, * y lypr ( 1 J 

TMeaophtaatmis with itnter skin delects (2) 

MiUef»D*k«r Ussencephftiy ivndrocae f 2) 

?kfHn*iiOjUJ ■pjplit I ekftcsescy. ZA2010 (I) 

MODV.eationa(3) 

MOD*, type I (2) 

MOOy. type II. J258SI (3) 

HlevOMisvadremtrj) 

*Uoacr>u reraoiyaturoe deficiency { I ) 

Morettpifteai 11 (|) 

Mutoupiaosu 111(1) 

MtfeaaoarMcraarKlaM 1(1) 

Macepeeitncena/ioaav 11(2) 

M— I "! l u ll lanOi(l) 

Mtaaouotowraerioosii J VP ( | ) 
Marsiiotrarf aandatit MM I ) 
Muttj|»ie ennornnt aeotwtns I ( 1 1 



11PI3 
1*1142 

mm 

ITeJl-HM 
lp36 
W 

ItollloK 

I9ql3Ll-q1l2 
lp3J 

JSq2U 
SollfjIJ 
W2 
Xa28 

1|Q]3 

) 20qU2 

JQ9IIJ 
Mi 

22al2^qll! 

Xeit^i3 

11013 

x»u 

Xp2Uoltl 
Xol 1-021 
XPII-02J.3 
Xql*^2 

Xa2ft^27 

Xo2LI«q22 
Xo22 

X<HI«q!2 

Xe2S 

22ql3.3Ntrr 

10q2I^22 
CUf.ia 

22013.31-our 

l«Pter.pm 

llpt&.S 

ko2i 

Oe.lt 

XD&2 

I7pll3 

llOtl 

UpiS.5 

20813 

7pl6-pl3 

1^113*013 

lool^qa.) 

4o2i-q23 

4021^23 

4PI13 

XQ2t 

3i>2(*Pl4i 

70ll.ll 

Itql3 



Muttipk rntkrnm tmpjgtto // ffj 

?M«MpW. M «« M «s(3) 
nittmpWUpaaaiortiC) 




1 ■■^'•/ 

Muuurdyicfoohy. hm^itrdJe, euioomaJ racttatve (2) 



Myoiofepoos teutenu. ante (3) 
Mytiopotaioaoe ioflcicMy ( 1 ) 
|*g«dea)rt»te daamiaiM deficiency ( I ) 

Myo^dueuaiK»|>ao|^tw 
*We-I (t) 

^r~^tumn^i > ^ p< ^^"^ m ^ ,r ^oaiA t (2) 

coa^auo. nrocjTK. tSSTVO (J)^ 
►♦yo^KOyurepliyU) 
MmoooUr myopaiay. X-lmted (2) 
Mnotd bpoeorcaou (2) 
TL T *W «yadrome. 3 10OA ( J ) 



[XI Nt»»*oauitatyadr«ae(2) 
i ^ Kaaca-Hotaa svndroiae (2) 
Neftahaejajtmto.|(|) 

K2) 

^jaM,l»4«0(l) 
to«roewu»oofla(2) 

voa RecalMi aauaea (3) 




Nwlroudf phapaoryiaar drficwncv. immu wnjf fme ncy 
due lo(|) 

OX)beeiiy(2) 
?OcuiwaiDuitsm lutuomn retessivt (2) 
Cteular atbiaum. Fortius- tniseoa typn f2J 
Oeoiv a Ibiaum. Ntiut»h t p.f *J u type ( 2 ) 
Ornithine tnrtscaraanyUM deficiency (3) 
Oroiacu)cleA(2) 
Oroucwdah* { I ) 
Oweoenamw*. precocieui (3) 
Osmqrnm tmprr^icia 4 cttiunljams. 

wo* i6ujQ.tsMio, item (3) 

CwcwMjutmprytcra 4 nmtroijbnvu 

/«BW7. /«f/ft /joint J6eaO(Sj 
^0««oewoia.2S9TPO(|) 

' UkooeiWe,IM7IO (8) 

^nooMieiiMi, 2&M00 (2) 
^M^Ptt iradfome. type I (2) 

Ovaruacarciaoma(2) 
0v * h * e <»»»ure. preraatart (2) 
OiakaiaKn 

PTPwett eteaaa ol boor f 2 ) 
t »o 4 tt e u » H ai|tm*o»(2) 
l^oercauc iiour delrafan- ( 1 j 
^PaaaypommiurumU) 



Location 



wis 

8q25^24.I 
12a.!HU 

X*llejj3 
1>«IM1I 

160.1^22 

MLl 

SoJU 

Ua31^oS 

Ip2l-Pl3 

17ejtS 

Xq}3 

Iptlpll 

?pl34lZ3 

Xo3l 

17^21 U2S3 

w 

lSqll2^l3.3 
Xo28 
12al>eM 
XpU3.p21 J 
9«34 

Xp22>p2M 
1021-033 



lp36J^3o.l 

Hojiai 

23ql2 

i?eiu 

17plU 
|q23 

UPI14-15.1 

none, is.i 

m 

XpllJ 
JfiUJ 

Xpll.4 
16*211 

Weill 
7o3l 

XpJI-<|Il 

XP22J 

XP21.1 

6pier^2.l 

3q13 

12Qj3.U*el3.2 

7qB.l 
lpX|.p)3 
!7o2Ul^210S 
I3e|j«.l<qli.2 

tm 

9p24 

x«2«-q?; 

2o36^o37 

6P2I.3 

3>ttJ 

I0q2£ • 
3q 
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Disorder Location 



Paramyotonia congenita, IMT/j f 3 J UcZIJ-qZ&J 

Paral*yrotd MWnomMess 1 fi, llqIS 

TTyku H— ill (1) Upl*4>lLll 

Pimyiaa) wctimmi he*n*fl»A»ria ( ) ) 1*22.1 

Ptbiwi»M«rA«eb«rdta*»nj X*22 

?P tw» rt ^n<WBH (t) B*24 

Pmpbofiutk juvtnik ft) 4qlJ-*]3 

Perusiant Motknaft doet immi ( 1 ) 19pli3-pI3.2 

Pbcmrtkwofluria (3) 12*24.1 
PNrnriUtoauha tfut ta dMfVJtnomt facucuae Otficwmy ( ) j 4pjaJl 

n niii i ji ■■«) ip 

Ptaipteribssyl pyropimpiuttr fynuie*aae~reiated pout M } X*2fc*24 
?Phoaphorytaac tinaae oVmerz-y of iwr and owncit 

281750(2) JQ*I2-*13 1 

Pituitary tamer. jtrawUhhorM^Mcmiiit (!) 20qll2 
PK deftocney hemolytic Htti r It 

I Placental Uticfen oetaenn • r] j 1 7^22^24 

Placental ftorot* suiiaiaae **no ( 3 1 Xo2t& 

Piaaania inhibitor d»ficMficy » . I7pter-pl2 

Plaamiaoeea ectwewrdtfiotacy (1) Bp 12 

Ptajau&oftnTochipdiaeaatflj 6*21*27 

ftatriet a<i*fl*ar tt 4 aorayr puJ ^vwry f j; /dSM5 

ftohamMtpMupkifft) I9q13J^IXS 

PajcnUckttMrdoMatt) 16t>13.3ipt3,I2 

Perycystie owita dust* ( 1 • )Tqll<*J2 

hArpatu cah. /amitel (3j J*9/<dfi 

PmpodtaeastO) 17*23 

f«n%iitoittiMvitlc(l) H34 

Porphyria, acute mtennmeat • o ll*2U«*34J 
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15 



(reprinted from Culver, K.W. , "Gene Therapy", 1994, p. 
93, Mary Ann Liebert, Inc., Publishers, New York, NY). 

Alternatively tolerogenic conjugates may be 
submitted in accordance with United States Patent No. 
5 5,358,710 to Sehon et al . , incorporated herein by 

reference in its entirety. Thus the present invention 
can readily be adapted to any gene therapy protocol and 
is generally applicable to the administration of any 
therapeutic immunogenic material and not just the 
io specific examples listed above. 

Gene therapy according to the existing art may be 
applied to somatic cells or germ line cells by methods 
known such as gold electroporation, microinjection or jet 
injection, or other methods as set forth in Sambrook et 
al. "Molecular Cloning: A Laboratory Manual ,' Cold Spring 
Harbor Press (1989)" incorporated herein by reference in 

its entirety. 

Thus the invention provides for a method for 
treating by gene therapy a mammal with a therapeutic 
amount of a biologically active antigenic material or its 
expression product. To retain the effectiveness of said 
antigenic material (s) from counteraction by an 
antibody (ies) produced against it (them); it is essential 
to suppress the capacity of the recipient of the gene to 
mount an antibody response (s) to said biologically active 
antigenic material (s). This method comprises: 

(a) selecting a mammal which has not received 
prior exposure to said biologically active antigenic 
material (s) ; 

(b) administering to said mammal in step (a) an 
immunosuppressive effective amount of a tolerogenic 
covalent conjugate of said biologically active antigenic 
material, or an immunogenic fragment thereof, covalently 
bound to monomethoxypolyethylene glycol of a molecular 
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weight of about 2000 to 10,000, wherein said 
poly (ethylene glycol) is monomethoxypolyethylene glycol 
and said method suppresses the formation of about 98% of 
antibodies against said antigenic genetic material or its 
product, the effective amount of said conjugate 
suppressing in said mammal the formation of immunoglo- 
bulin antibodies against the antigenic genetic 
material (s); and subsequently 

(c) administering to said mammal a therapeutically 
effective amount of said biologically active antigenic 
genetic material alone, or a derivative thereof 
synthesized by conjugating to said antigenic genetic 
material the DNA expressing biologically or 
pharmacologically active molecules , wherein said 
tolerogenic conjugate of step (b) is administered at 
least one day prior to said antigenic genetic 'material of 
step (c) . The effective dosage for mammals may vary due 
to such factors as age, weight, activity level or 
condition of the subject being treated. The effective 
dosage for animals and humans may be calculated on the 
basis of the subject's weight. 

In an alternative embodiment, the invention provides 
a method for suppressing the capacity of a mammal to 
mount an IgG class antibody response to a biologically 
active antigenic product of genetic material comprising: 

(a) selecting a mammal which has not received prior 
exposure to said biologically active antigenic genetic 
material ; 

(b) administering to said mammal of step (a) , a 
tolerogenic covalent conjugate comprising said 
biologically active antigenic genetic material or an 
immunogenic fragment thereof, covalently bound to 
monomethoxypoly (ethylene glycol) of a molecular weight of 
about 4,500 to 10,000, in an immunosuppressive effective 
amount capable of suppressing the formation of 
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immunoglobulin antibodies of the IgG immunoglobulin class 
against said antigenic genetic material; and subsequently 
(c) administering to said mammal a therapeutically 
effective amount of said biologically active antigenic 
5 genetic material alone or an immunogenic derivative of 

said genetic material, wherein said mammal is suppressed 
from mounting an IgG class antibody response to said 
biologically active antigenic genetic material or 
immunogenic derivative thereof, wherein said tolerogenic 

10 conjugate of step (b) is administered at least one day 

prior to said antigenic protein of step (c) . 

Similarly the invention provides a method for 
suppressing the capacity of a mammal to mount an immune 
response to a biologically active antigenic protein 

15 comprising: 

(a) selecting a mammal which has not received prior 
exposure to said biologically active antigenic protein; 

(b) administering to said mammal of step (a) , a 
tolerogenic covalent conjugate comprising said 

20 biologically active antigenic protein or an antigenic 

fragment thereof, covalent ly bound to monomethoxy 
poly (ethylene glycol) of a molecular weight of 2000 to 
10,000, in an immunosuppressive effective amount capable 
of suppressing an immune response against said antigenic 

25 protein; and subsequently 

(c) administering to said mammal a therapeutically 
effective amount of said biologically active antigenic 
protein alone or an antigenic fragment of said protein, 
wherein said mammal is suppressed from mounting an immune 

30 response to said biologically active antigenic protein or 

antigenic fragment thereof. 

Additionally a method for suppressing the capacity 
of a mammal's IgG class antibody mediated immune response 
to a biologically active antigenic protein comprising: 

35 (a) selecting a mammal which has not received prior 
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exposure to said biologically active antigenic protein; 

(b) administering to said mammal of step (a) , a 
tolerogenic covalent conjugate comprising said 
biologically active antigenic protein or an antigenic 
fragment thereof, covalently bound to monomethoxy 
poly (ethylene glycol) of a molecular weight of 2000 to 
10, 000 , in an immunosuppressive effective amount capable 
of suppressing the formation of immunoglobulin antibodies 
of the IgG immunoglobulin class against said antigenic 
protein; and subsequently 

(c) administering to said mammal a therapeutically 
effective amount of said biologically active antigenic 
protein alone or an antigenic fragment of said protein, 
wherein said mammal is suppressed from mounting an IgG 
class antibody response to said biologically active 
antigenic protein or antigenic fragment thereof, wherein 
said tolerogenic conjugate of step (b) is administered at 
least one day prior to said antigenic protein or 
antigenic fragment thereof of step (c) , is provided for 
by the invention. 

In a preferred embodiment the tolerogenic conjugate 
is administered 0-7 days prior to administration of said 
antigenic protein. Generally, the tolerogenic conjugate 
need only be administered at some time prior to 
administration of the antigenic protein. The 
administration of the tolerogenic covalent conjugate may 
be repeated in a preferred embodiment of the invention. 

Advantageously the invention also provides a method 
of preparing an animal for gene therapy comprising 

(a) selecting a mammal which has not received prior 
exposure to a gene therapy biologically active antigenic 
protein; 

(b) administering to said mammal of step (a) , a 
tolerogenic covalent conjugate comprising said gene 
therapy biologically active antigenic protein or an 
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antigenic fragment thereof, covalently bound to 
monomethoxy poly (ethylene glycol) of a molecular weight 
of 2000 to 10,000, in an immunosuppressive effective 
amount capable of suppressing an immune response against 
5 said gene therapy antigenic protein, wherein said mammal 

is suppressed from mounting an immune response to a gene 
therapy biologically active antigenic protein or 
antigenic fragment thereof. 

The invention provides a composition for performing 

io gene therapy comprising a tolerogenic covalent conjugate 

comprising a gene therapy biologically active antigenic 
protein or an antigenic fragment thereof, covalently 
bound to monomethoxy poly (ethylene glycol) of a molecular 
weight of 2000 to 10,000, in an immunosuppressive 

is effective amount capable of suppressing ^ an immune 

response against said gene therapy antigenic protein. 
In a preferred embodiement the composition does not 
comprise an immunological adjuvant. 

In a preferred embodiment the invention provides a 

20 method for suppressing an immune response comprising the 

steps of 

a) administering to a mammal an immunosuppressive 
effective amount of a tolerogenic conjugate including a 
therapeutic protein, coupled to monomethoxy-polyethylene 
glycol having a molecular weight of about 2000-10,000 
daltons, at least one day prior to administration of 
therapeutic protein, wherein said method results in 
suppression of an immune response and the development of 
tolerance to said therapeutic protein. 

The effective amount of the tolerogenic conjugate is 
preferably about 50-600 micrograms. The tolerogenic 
conjugate may comprise about 26 to 53% mPEG. 

An immunosuppressive composition comprising a 
tolerogenic covalent conjugate comprising a biologically 
active antigenic protein or an antigenic fragment 
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thereof, covalently bound to monomethoxy poly (ethylene 
glycol) of a molecular weight of 2000 to 10,000, in an 
immunosuppressive effective amount capable of suppressing 
an immune response against said antigenic protein. The 
degree of conjugation between mPEG and the antigenic 
protein is selected according to the composition, size 
and conformation of the antigenic protein, such that the 
degree of conjugation suppresses an immune response to 
the tolerogenic conjugate. 

The purpose of the above description and examples is 
to illustrate some embodiments of the present invention 
without implying any limitation. It will be apparent to 
those of skill in the art that various modifications and 
variations may be made to the composition and method of 
the present invention without departing from the 
underlying principles or scope of the invention. All 
patents and publications cited herein are incorporated by 
reference in their entireties. 
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WE CLAIM 

1. A method for conducting gene therapy comprising 
the steps of 

a) administering to a mammal an immunosuppressive 
effective amount of a tolerogenic conjugate including 
5 genetic material or its product, coupled to monomethoxy- 

polyethylene glycol having a molecular weight of about 
2000-35,000 daltons, at least one day prior to 
administration of therapeutic genetic material for gene 
therapy, wherein said method results in suppression of 
10 the immune response and the development of tolerance to 

said therapeutic genetic material or its expressed 
product . 

2. The method of claim 1 wherein said therapeutic 
genetic material is selected from the group consisting of 
nucleotides, DNA, EN A, mRNA, and vectors including said 
therapeutic genetic material, and mixtures thereof, for 

5 the expression of a deficient protein product by the 

methods of gene therapy. 

3 . The method of claim 1 wherein the deficient 
protein is expressed in the host by the use of said 
vectors including said therapeutic genetic materials 
which are selected from the group consisting of Moloney 

5 murine leukemia virus vectors, adenovirus vectors with 

tissue specific promotors, herpes simplex vectors, 
vaccinia vectors, artificial chromosomes, receptor 
mediated gene delivery vectors, and mixtures of the above 
vectors . 

4. The method of claim 1 wherein said gene therapy 
comprises, the administration of a cystic fibrosis 
transmembrane conductance regulator gene (CFTR) or a low 
density lipoprotein receptor (LDLr) gene. 
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5 . A method for suppressing the capacity of a 
mammal to mount an immune response to a biologically 
active antigenic protein comprising: 

(a) selecting a mammal which has not received prior 
5 exposure to said biologically active antigenic protein; 

(b) administering to said mammal of step (a) , a 
tolerogenic covalent conjugate comprising said 
biologically active antigenic protein or an antigenic 
fragment thereof, covalently bound to monomethoxy 

10 poly (ethylene glycol) of a molecular weight of 2000 to 

10,000, in an immunosuppressive effective amount capable 
of suppressing an immune response against said antigenic 
protein; and subsequently 

(c) administering to said mammal a therapeutically 
15 effective amount of said biologically active antigenic 

protein alone or an antigenic fragment of said protein, 
wherein said mammal is suppressed from mounting an immune 
response to said biologically active antigenic protein or 
antigenic fragment thereof. 

6. A method for suppressing the capacity of a 
mammal's IgG class antibody mediated immune response to 
a biologically active antigenic protein comprising: 

(a) selecting a mammal which has not received prior 
5 exposure to said biologically active antigenic protein; 

(b) administering to said mammal of step (a) , a 
tolerogenic covalent conjugate comprising said 
biologically active antigenic protein or an antigenic 
fragment thereof, covalently bound to monomethoxy 

10 poly (ethylene glycol) of a molecular weight of 2000 to 

35,000, in an immunosuppressive effective amount capable 
of suppressing the formation of immunoglobulin antibodies 
of the IgG immunoglobulin class against said antigenic 
protein; and subsequently 



WO 96/14874 



PCT/IB95/00995 



49 

15 (c) administering to said mammal a therapeutically 

effective amount of said biologically active antigenic 
protein alone or an antigenic fragment of said protein, 
wherein said mammal is suppressed from mounting an IgG 
class antibody response to said biologically active 

20 antigenic protein or antigenic fragment thereof, wherein 

said tolerogenic conjugate of step (b) is administered at 
least one day prior to said antigenic protein or 
antigenic fragment thereof of step (c) . 

7. The method of claim 6, wherein said tolerogenic 
conjugate is administered 7 days prior to administration 
of said antigenic protein. 

8. The method of claim 6, further comprising, 
repeating the administration of said tolerogenic covalent 
conjugate . 

9 . A method of preparing an animal for gene therapy 
comprising 

(a) selecting a mammal which has not received prior 
exposure to a gene therapy biologically active antigenic 

5 protein; 

(b) administering to said mammal of step (a) , a 
tolerogenic covalent conjugate comprising said gene 
therapy biologically active antigenic protein or an 
antigenic fragment thereof, covalently bound to 

10 monomethoxy poly (ethylene glycol) of a molecular weight 

of 2000 to 10,000, in an immunosuppressive effective 
amount capable of suppressing an immune response against 
said gene therapy antigenic protein, wherein said mammal 
is suppressed from mounting an immune response to a gene 

15 therapy biologically active antigenic protein or 

antigenic fragment thereof. 



WO 96/14874 



PCT/IB95/00995 



50 

10. A gene therapy composition comprising a 
tolerogenic covalent conjugate comprising a gene therapy 
biologically active antigenic protein or an antigenic 
fragment thereof, covalently bound to monomethoxy 

5 poly (ethylene glycol) of a molecular weight of 2000 to 

10,000, in an immunosuppressive effective amount capable 
of suppressing an immune response against said gene 
therapy antigenic protein. 

11. A composition according to claim 10, wherein 
said composition does not comprise an immunological 
adjuvant . 

12 . A method for suppressing an immune response 
comprising the steps of 

a) administering to a mammal an immunosuppressive 
effective amount of a tolerogenic conjugate including a 
5 therapeutic protein, coupled to monomethoxy-polyethylene 

glycol having a molecular weight of about 2000-10,000 
daltons, at least one day prior to administration of 
therapeutic protein, wherein said method results in 
suppression of an immune response and the development of 
10 tolerance to said therapeutic protein. 

13. The method of claim 12, wherein said 
tolerogenic conjugate comprises about 26 to 53% mPEG. 

14. An immunosuppressive composition comprising a 
tolerogenic covalent conjugate comprising a biologically 
active antigenic protein or an antigenic fragment 
thereof, covalently bound to monomethoxy poly (ethylene 

5 glycol) of a molecular weight of 2000 to 10,000, in an 

immunosuppressive effective amount capable of suppressing 
an immune response against said antigenic protein. 
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15. A composition according to claim 14, wherein 
the ratio of the mPEG to antigenic protein is about 

3-12 mPEG to one antigenic protein. 

16. A composition according to claim 10, wherein 
the ratio of the mPEG to antigenic protein is about 

3-12 mPEG to one antigenic protein. 

17. A composition according to claim 14, wherein 
the ratio of the mPEG to antigenic protein is about 

3 0-50 mPEG to one antigenic protein. 

18. A composition according to claim 10, wherein 
the ratio of the mPEG to antigenic protein is about 

3 0-50 mPEG to one antigenic protein. 

19. A composition according to claim 10, wherein 
the degree of conjugation between mPEG and said antigenic 
protein is selected according to the composition, size 
and conformation of the antigenic protein, such that said 

5 degree of conjugation suppresses an immune response to 

the tolerogenic conjugate. 
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